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SUMMARY
The aim of t h i s  study was to assess the value of  
serology in the l abora to ry  diagnosis of pneumococcal 
i n f e c t i o n .  This included the serotyping of pneumococci 
i s o la te d  on c u l t u r e ,  de tec t io n  of  pneumococcal capsular  
polysacchar ide ant igen in body f l u i d s  and es t imat ion  of  
ant ibody responses.
The c o - a g g lu t in a t io n  t e s t  which uses staphylococcal  
pro te in  A, was found to c o r r e l a t e  wel l  wi th the standard  
capsular  re ac t ion  t e s t .  However, since c o - a g g l u t i n a t i o n  
was more s e n s i t i v e  and t h e r e f o r e  less s p e c i f i c ,  a number 
of ba c t e r i a  which were, not pneumococci reacted in the  
c o -a g g lu t i n a t i o n  t e s t .  The de tec t io n  of pneumococcal 
capsular  po lysacchar ide ant igen in c l i n i c a l  m a te r ia l  has 
been widely used f o r  the diagnosis of pneumococcal  
i n f e c t i o n .  Antigen de te c t io n  in m at e r ia l  obtained from 
pa t i e n ts  who had been t r e a te d  wi th a n t i b i o t i c s  provided  
evidence of i n f e c t i o n .  Four methods f o r  ant igen  
de tec t ion  were compared. These were counterimmuno-  
e le c t ro p ho re s i s  ( C I E ) ,  c o - a g g lu t in a t io n  (CoA),  l a t e x  
a g g lu t in a t io n  (LA) and enzyme- l inked immunosorbent assay 
(ELISA) .  Thei r  s e n s i t i v i t y  was compared in t e s t s  
c a r r i ed  out using p u r i f i e d  pneumococcal capsular  
polysacchar ide and wi th d i f f e r e n t  kinds of  pneumococcal  
a n t i s e r a .  ELISA was the most s e n s i t i v e  method but only  
with a n t i s e ra  which contained a l im i t e d  number of  
pneumococcal ant ibody s p e c i f i c i t i e s .  Using the same 
a n t i s e r a ,  CoA and LA showed s i m i l a r  in te r me d i a t e
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s e n s i t i v i t y  : CIE was the l e a s t  s e n s i t i v e  method.
However, in t e s t s  wi th po lyva len t  pneumococcal an t is e ra  
CIE,  CoA and LA were equa l l y  s e n s i t i v e  al though  
pneumococcal ant igen of types 7 F, 14 and 33F could not  
be detected by CIE.  The four  methods were also  
evaluated to discover  t h e i r  s u i t a b i l i t y  f o r  the  
detec t ion  of pneumococcal ant igen in body f l u i d s  and 
sec re t io ns .  Co - agg lu t in a t ion  wi th ant iserum pools or  
pneumococcal t yp ing sera was the most r e l i a b l e  method 
f o r  the de tec t ion  of pneumococcal ant igen in r e s p i r a t o r y  
secret ions  - where s p e c i f i c i t y  but not s e n s i t i v i t y  is 
important .  Latex a g g lu t i n a t i o n  on the other  hand was 
pr e fe r red  f o r  the examinat ion of serum, ur ine  and 
cerebrospinal  f l u i d  where s e n s i t i v i t y  is the more 
important  c r i t e r i o n .  ELISA was a useful  conf i rmatory  
t e s t  when ca r r i ed  out on serum or CSF which contained  
small amounts of pneumococcal an t igen .  On t h i s  basis a 
protocol  was es tab l i shed and used in a comprehensive 
study of pneumococcal i n f e c t i o n  in h o s p i t a l i s e d  
p a t i e n t s .
Pa t ients  wi th r e s p i r a t o r y  and n o n - r e s p i r a to ry  
pneumococcal i n f e c t i o n  were c l a s s i f i e d  on the basis of  
c l i n i c a l  h i s t o ry  and the se v e r i t y  of  d isease.  The 
d i s t r i b u t i o n  of pneumococci and pneumococcal ant igen in 
c l i n i c a l  m ate r ia l  obtained from d i f f e r e n t  body s i t e s  was 
found to d i f f e r  in p a t i e n ts  in the d i f f e r e n t  c l i n i c a l  
groups.  The presence of pneumococcal ant igen in serum 
and ur ine  was associated wi th severe pneumococcal
15
disease .
Since the l abora to ry  diagnosis  of  pneumococcal chest  
i n f e c t i o n  depends, to a l arge e x t e n t ,  on examinat ion of  
expectorated sputum the r e l a t i o n s h i p  between the  
r e s u l t s  of  convent ional  examinat ion f o r  pneumococci and 
of te s t s  f o r  pneumococcal ant igen was studied in
d e t a i l .  The presence of  pneumococcal ant igen in sputum 
co r r e la te d  wel l  wi th c l i n i c a l  evidence of  i n f e c t i o n .  
Antigen de tec t ion  proved to be a more s e n s i t i v e  and 
r e l i a b l e  method f o r  the diagnosis of  pneumococcal
pneumonia than were the t r a d i t i o n a l  techniques of  
c u l t u re  and Gram's s t a i n .  The value of s e r i a l  sputum 
examinat ion in d i f f e r e n t  groups of p a t i e n t s  was 
demonstrated : t h i s  was able to  d i s t in g u i s h  between
relapse and new i n f e c t i o n .
An i n d i r e c t  immunof1uorescent assay ( IFA) was
developed f o r  the de tec t ion  of t y p e - s p e c i f i c  
pneumococcal an t ib od ie s .  P re -absorpt ion of the serum to  
remove ant ibody to pneumococcal C-polysacchar ide  
improved the s p e c i f i c i t y  of  the assay which proved to  be 
s u f f i c i e n t l y  s e n s i t i v e  to de tec t  changes in ant ibody
t i t r e  between acute and convalescent  phases of
i n f e c t i o n .  Moreover,  f o r  the m a j o r i t y  of  serotypes the  
minimal amount of  ant ibody de te c ta b le  by 
IFA was less than t h a t  c u r r e n t l y  recognised as 
p r o t e c t i v e  against  bacteraemic pneumococcal d isea se .  
Ty pe- spe c i f i c  pneumococcal an t ibod ies  were o f ten  
detected in acute phase sera e s p e c i a l l y  in less severe
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i n f e c t i o n s .  The presence of p r e - e x i s t i n g  t y p e - s p e c i f i c  
ant ibody in serum, however,  did not prevent  systemic 
pneumococcal disease due to  homologous s t ra in s  of  
Streptococcus pneumoniae.
The serotype d i s t r i b u t i o n  of 874 s t ra in s  of
S.pneumoniae was determined in r e l a t i o n  to p a t i e n t s '  age 
and to the frequency of i s o l a t i o n  from systemic d isease .  
Types 14 and 18 in pre-school  c h i l d r e n ,  and types  
1 , 4 , 7 , 8  and 12 in pa t i e n ts  over 5 years of age were 
s i g n i f i c a n t l y  associated wi th systemic d isease .  The 
serotype d i s t r i b u t i o n  of pneumococci or pneumococcal  
ant igen in the sputum of 1,682 p a t i e n ts  wi th  
pneumococcal chest i n f e c t i o n  was determined.  Types 3 and 
8 were s i g n i f i c a n t l y  associated wi th pneumonia whereas 
types 6 and 17 were associated wi th the m i lder  c l i n i c a l  
diagnosis of chest i n f e c t i o n .  Type 1 was common in 
pa t ie n ts  wi th pneumonia but was r a r e l y  i s o la te d  from the  
sputum of other  in fec ted  p a t i e n t s .
The re s u l t s  of t h i s  study confirmed t h a t  serotyp ing of  
pneumococci and the de tec t ion  of pneumococcal ant igen in 
c l i n i c a l  ma te r ia l  was a va luable  l aborato ry  tool  f o r  the  
diagnosis and assessment and also f o r  management and 
prognosis of pneumococcal i n f e c t i o n .  However,  
i n t e r a c t io n s  U\_ vivo between pneumococcal ant igen and 
ant ibody are complex. P re l im inary  r e s u l t s  suggest t h a t  
ant ibody de terminat ion  may c o nt r ib u t e  to c l i n i c a l  
assessment but f u r t h e r  studies w i l l  be requ i red to  
e s ta b l i s h  th is  unequ ivoca l ly .
17
ABBREVIATIONS
CIE counter immunoelectrophoresis
CoA c o - a g g lu t in a t io n
CoA(K) c o - a g g lu t in a t io n  using a 10% suspension of
staphylococci  ( K r o n v a l l ,  1973)
CoA(T) c o - a g g lu t in a t io n  using a 2% suspension of
staphylococci  ( T r o l l f o r s  et  a l . ,  1983)
COAD chronic o b s t r uc t i ve  airways d i sease
CRT capsular  r ea c t ion  t e s t
CSF cerebrospina l  f l u i d
CRP C - r e a c t i v e  p ro t e in
DIC disseminated in t r a v a s c u la r coagulat ion
DNA deoxyr ibonucle ic  acid •
ELISA enzyme-1 inked immunosorbent assay
IFA i n d i r e c t  immunof1uorescent assay
IHA i n d i r e c t  haemagglut inat ion assay
LA la t e x  a g g lu t in a t io n
PMN polymorphonuclear neut roph i l
RIA rad ioimmunoassay
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CHAPTER 1 
INTRODUCTION
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1 . 1 . HISTORY OF PNEUMONIA
"Pneumonia occupies a place of i t s  own both from
s t r i c t l y  local  diseases and from those which a f f e c t  the
system g e n e r a l l y .  D i f f e r i n g  from e i t h e r ,  i t  has
something in common wi th both.  Besides the local  i n j u r y ,
i t s  general  phenomena e x h i b i t  over a wide a rea ,
invo lv ing  every body f u n c t io n ,  are so f i x e d  as to t ime
and order  of  succession as to resemble a s p e c i f i c  f e v e r
than pyrexia  of  a merely local  inf lammation"
Sturges,  1876
Pneumonia, fo rmer ly  known as peripneumony a f t e r  the  
nomenclature of  Hippocrates ,  has been regarded from 
e a r l i e s t  t imes as one of  the i n t e r n a l  a f f e c t i o n s  most 
r e a d i l y  recognised in man. Hef f ron (1939)  c i t e d  the work 
of Ruf fe r  who found evidence of  pneumonia in Egypt ian  
mummies which date from 1250 to 1000 B.C.
Peripneumony has been known to man f o r  ce n tu r ie s  
although i t s  e a r l y  h is to ry  is obscure since accounts by 
e a r ly  workers were not s u f f i c i e n t l y  prec ise  to make i t  
c e r t a in  t h a t  successive authors were descr ib ing  the same 
disease.  Hippocrates ( around 400 B .C . )  and Aretaeus  
(around 100 A . D . ) described an a f f e c t i o n  char ac t e r ise d  
by f e v e r ,  chest pain and coloured sputa,  but f a i l e d  to  
d i s t in g u i s h  peripneumony from acute p l e u r i s y .  The 
d i s t i n c t i o n  between the two was made during the  l a s t  
century when Laennec introduced percussion to  the  
i n v e s t i g a t i o n  of  chest d iseases.
Traces of  a disease resembling pneumonia can be found
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in the medical  h is to ry  of  Europe. The plague of  Athens 
in 430 B.C. has been termed "Gangerous Pneumonia", and 
the main symptom of the 14th century "Black Death" was a 
cough and b lood-s ta ined sputum. During the 16th and 17th 
centur ies  epidemics of a disease were reported which had 
the c h a r a c t e r i s t i c s  of pneumonia. These epidemics were 
associated wi th poor or crowded l i v i n g  cond i t ions  and 
cold north winds and r a i n .  Pneumonia was usua l l y  
preceded by c a t a r r h a l  i n f e c t i o n ,  fo l lowed by severe  
cough and f e v e r ,  pain in the side and d i f f i c u l t  
r e s p i r a t i o n  : blood sta ined sputum occurred on the t h i r d  
day and death in f i v e  to e ig h t  days.  The usual outcome 
of epidemic pneumonia in Europe was death ,  but i t  is  
l i k e l y  t h a t  t h i s  was caused by other  diseases e . g .
cho le ra ,  dysentery or measles.  In England pneumonia 
ex h ib i te d  a " c a t a r r h a l "  form and was a f e a t u r e  of  the  
i n f lue nza  epidemics of  1755 and 1762.
In the 18th century i t  was r e a l i s ed  t h a t  c e r t a i n  
groups of pa t i e n ts  were more prone to the d i sea se ,
p a r t i c u l a r l y  in d iv id u a ls  wi th " th ick  blood,  f l a t  b r e a th ,  
the e l d e r l y  and those who drank strong v i s c id  l i q u o r " .  
I t  was also bel ieved th a t  pneumonia was caused by 
"obs t ru c t i ve  p e r s p i r a t i o n "  during cold wea ther ,  wet
clothes or by an increased c i r c u l a t i o n  of  blood brought  
about by v i o l e n t  exerc ise  and as a consequence of  o t her  
r e s p i r a t o r y  d iseases .  Eighteenth century phys ic ians  
adopted the same methods of  t rea tment  as had been
proposed by Hippocrates.  The main t rea tment  was
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phlebotomy wi th the wi thdrawal  of  up to one p i n t  of  
blood in the f i r s t  12 to 18 hours and r e p e t i t i o n  of  
the procedure over the fo l lo w i ng  3 days as seemed 
necessary.  This depended on the age, and condi t ion  of  
the p a t i e n t  and on the season of  the ye ar .  Other  
t rea tments  designed to promote discharges from the  
bowels and skin were used and the appearance of  the  
sputum and ur ine  were observed to in d ic a te  management 
whi le  awa i t ing the development of  a " c r i s i s " .
By the 19th century i t  was r e a l i s e d  t h a t  pneumonia 
had a m o r t a l i t y  ra te  exceeding a l l  o ther  f e v e r s ,  and was 
termed " capta in of  the men of  death " by S i r  Wi l l i am  
Osier  in 1901. During the l a s t  h a l f  of  the century the  
b a c t e r i a l  agents responsible  f o r  the disease were 
i d e n t i f i e d  and the pneumococcus was found to be the most 
f requent  cause of  b a c t e r i a l  pneumonia.
The i n i t i a l  i s o l a t i o n s  of  the pneumococcus were made 
from c a r r i e r s  r a th e r  than from p a t i e n t s  wi th  
pneumococcal d isease .  For example,  Pasteur i s o la t e d  the  
pneumococcus in December 1880 from the s a l i v a  o f  an 
i n f a n t  dying of  hydrophobia as did Sternberg in A p r i l  
1881 from samples of  his own s a l i v a .
In 1882 F r ied lander  descr ibed organisms which were 
probably pneumococci in sect ions of  lung t i s s u e  from 
e ig h t  pa t i e n ts  who died of  pneumonia. However in 1883 he 
also reported the i s o l a t i o n  of a Gram negat ive  b a c i l l u s ,  
which subsequent ly became known as F r i e d l a n d e r 1s 
b a c i l l u s .  Frankel  in 1884 descr ibed the i s o l a t i o n  of  an
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organism from a f a t a l  case of  pneumonia which d i f f e r e d  
from F r i e d l a n d e r ' s i s o l a t e  and there  fo l lowed a per iod  
of controversy over the agent responsible  f o r  pneumonia.  
Weichselbaum resolved the issue in 1886 when he
publ ished the r e s u l t s  of an ex tensive  study on the  
bac te r io log y  of pneumonia in which he def ined the  
r e l a t i v e  ro les  of both F r ie d la n d e r 's  b a c i l l u s  and the  
pneumococcus as causes of  pneumonia.
Pneumococcal pneumonia, t h e r e f o r e ,  is not a new
disease and was the subject  of  many studies c a r r i e d  out  
in the e a r ly  par t  of  the 20th century .  Many of  these
studies have been c o l l a t e d  in two monographs, "The 
Biology of the Pneumococcus" ( W h i t e , 1938) and "Pneumonia 
with Special  Reference to  Pneumococcus Lobar Pneumonia" 
(H e f f r o n ,  1939) .
Recent ly ,  in his book " A L i f e  wi th the Pneumococcus " 
Austr ian (1985)  has brought toge th er  papers which deal  
with h i s t o r i c a l  aspects and which consider  the
developments which have resu l ted  in the r e - i n t r o d u c t i o n  
of pneumococcal vaccines.
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1 . 2 . THE PNEUMOCOCCUS
1 . 2 . 1 .  Morphology
The pneumococcus is a Gram p o s i t i v e  l an ceo la te  or  
oval coccus which measures between 1.2 to 1.8 urn ( long  
ax is )  and 0 .5  to 1.0um (shor t  ax is )  -  al though these  
measurements vary wi th the condi t ions of  growth.  The 
ba c te r i a  are arranged in pa i rs  (d ip l o c o c c i )  or in shor t  
chains:  when in pa i rs  the opposi te ends are more
po inted .  The pneumococcus is non-mot i l e ,  m u l t i p l i e s  by 
t ransverse f i s s i o n  and most s t ra in s  have a capsule which 
envelops the pai red or chained cocc i .  The s i ze  of  the  
capsule va r ies  wi th the se rotype,  and from s t r a i n  to  
s t r a i n  w i t h in  a given serotype ,  under standard growth 
cond i t ions.
Although the pneumococcus was c l a s s i f i e d  in the genus 
Diplococcus by American taxonomists ,  wi th the discovery  
of  f i l amentous var i an ts  of pneumococci ( A u s t r i a n ,  1953)  
and the genet ic  r e l a t i o n s h i p  between pneumococci and 
alpha -haemolyt i c  s t reptococci  in t r an s fo rm at i on  
reac t ions (Yurchak and A us t r i a n ,  1966) ,  the organism was 
designated Streptococcus pneumoniae.
1 . 2 . 2 .  Ant igenic  s t ru c t u re
Pneumococci are normal ly capsulate and most 
i n te r a c t io n s  between a host and the pneumococcus involve  
the capsular  po lysacchar ide.  Two d i f f e r e n t  kinds of  
somatic ant igens have been descr ibed.
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A . Cel 1 wal 1 ant igen (C-polysacchar ide)
The c e l l  wal l  of  the pneumococcus is t y p i c a l  of  t h a t  
of  Gram p o s i t i v e  ba c t e r i a  and is composed of  
pept idoglycan and t e i c h o i c  ac i d .  T i l l e t t ,  Goebel and 
Avery (1930)  i so la te d  a carbohydrate from pneumococcal  
c e l l s  which,  un l i ke  capsular  po lysacchar ides ,  contained  
phosphate residues and was s p e c i f i c  f o r  the species  
ra th er  than the type .  This c e l l  wal l  an t ig en ,  r e fe r r e d  
to as pneumococcal C-substance,  appeared to be ( or  at  
l eas t  resembled chemical ly  ) the substance which reacts  
with C - r e a c t i v e  p ro te in  -  an abnormal b e t a - g l o b u l i n  
which is detected in human serum dur ing the acute phase 
of  c e r t a i n  i l l n e s s e s .  Tomasz (1967)  showed t h a t  
pneumococci incorpora te  chol ine  in to  t h e i r  t e i c h o i c  acid  
and Volanakis and Kaplan (1971)  l a t e r  found t h a t  the
i n t e r a c t i o n  between C - r e a c t i v e  p ro t e in  and C-
polysacchar ide was due to binding of  the p r o t e in  to  
phosphory lchol ine .  These r e s u l t s  suggested t h a t  the
phosphorylchol ine component of  t e i c h o i c  acid was 
analogous to C-substance.  This was subsequent ly  
confirmed by Jennings,  Lugowski and Young (1980)  who 
found t h a t  the t e i c h o i c  acid moeity of  C-substance  
consisted of  g lucose,  2 - ace tam ido -4 - am ino -2 , 4 , 6 , t r i d e o x y  
galactose (AATGal) ,  r i b i t o l  phosphate and 
phosphory lchol ine .  Moreover,  Jennings e t  a l . (1980)
proposed a s t ru c tu re  f o r  C-polysacchar ide and showed 
t h a t  t h i s  s t ru c tu re  was common to the c e l l  wa l l s  of
pneumococcal types 1,18C and 23F.
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Recent ly 6 of  the 83 serotypes of  S.pneumoniae have
been found to contain phosphorylchol ine in t h e i r
capsular  polysacchar ides (Sorensen e t  a 1 . , 1984) .  This
is cons is ten t  wi th other  repor ts  in which components of
the pneumococcal c e l l  wal l  polysacchar ide have been
i d e n t i f i e d  as co ns t i tuen ts  of  one or  another  o f  the
pneumococcal capsular  polysacchar ides ( c i t e d  by
A us t r i a n ,  1981) .  Moreover,  Bornstein e t  a l . (1968)
recovered a f t e r  t rans format ion  wi th exogenous DNA, a
mutant s t r a i n  of  S.pneumoniae (designated C ) in which
s
C-substance extended beyond the c e l l  wal l  and formed 
capsular  m at e r ia l  cons is t ing s o le ly  of  C-substance.  
These observat ions suggest t h a t  pneumococcal capsular  
polysacchar ides may have evolved from c e l l  wa l l  
polysacchar ide (A u s t r i a n ,  1981) .
Sorensen and Henrichsen ( personal  communication ) 
have shown th a t  r a b b i t  ant iserum against  pneumococcal C- 
polysacchar ide can be used to d i f f e r e n t i a t e  pneumococci  
from o ther  a lpha -haemolyt ic  s t re p to c o c c i .
B. R-ant igens (synonymous wi th M - p r o t e i n s ) ; -
These were o r i g i n a l l y  ex t rac ted  from non-capsulate  
pneumococci and were described by Heide lberger  and Kabat  
( 1 93 8 ) .  R-ant igens are be l i eved to be p ro te in s  a t  or  
near the surface of  the c e l l .  Antiserum prepared aga ins t  
a non-capsulate v a r ia n t  o f  a p a r t i c u l a r  capsu lar  type  
was found to a g g l u t i n a t e ,  to a higher  t i t r e ,  non-  
capsulate  pneumococci der ived from a homologous 
capsulate  type than a non-capsulate v a r i a n t  de r ived from
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a heterologous type .  This d i f f e r e n c e  was due to M- 
p r o t e i n .  Aus tr i an  and MacLeod (1949)  e x t r a c t e d ,  from 
both capsulate  and non-capsulate pneumococci,  a se r ies  
of  t y p e - s p e c i f i c  p ro te ins  which resembled the M-prote ins  
of  S.pyogenes. They found t h a t  a n t i s e ra  to M-prote in  
agg lu t ina te d  non-capsula te ,  but not capsulate  va r i a n ts  
of  the homologous s t r a i n  - suggesting t h a t  the M-ant igen  
is s i t ua te d  on the surface of  the c e l l  wa l l  beneath the  
capsule.  They found t h a t  members of  the same capsulaf* 
type could have d i f f e r e n t  M-ant igens.  However, they  
found t h a t  pneumococcal M-ant igens d i f f e r e d  from the M- 
ant igens of  Group A s t rep tococc i  in t h a t  they did not  
determine v i r u l e n c e .
C . Capsular ant igen
The capsular  polysacchar ide ant igens are the major  
a nt ig en i c  component of  the pneumococcal c e l l .  
Di f fe rences  in the composit ion and s t ru c tu re  of  the  
capsular  m at e r ia l  have al lowed 83 serotypes to  be 
recognised (Lund and Henrichsen,  1978) .  Pneumococcal
capsules are composed of  large polysacchar ide molecules
which form hy dro p h i l i c  gels on the sur face of  the  
organism and f o r  a given capsular  type the amount of  
capsular  m at e r ia l  produced seems r e l a t e d  to
pa thogen ic i ty  in mice (MacLeod and Krauss,  1950) .  The 
chemical  composit ion and s t ru c tu re  of  a number of
pneumococcal capsular  polysacchar ides are known. The 
capsular  m at e r ia l  and the c e l l  wa l l  are q u i t e  d i s t i n c t  
al though the capsule is held to the c e l l  wal l  by s a l t ­
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l i k e  l inkage between c e l l  wal l  p rote ins  and uronic  
acid and hexosamines in the capsular  m at e r ia l  (Jacox,  
1947) .  Capsules may be permeated by other  components 
which o r i g i n a t e  in the c e l l  w a l l .
1 . 2 . 3 .  Development of the pneumococcal typ ing system
Sixteen years a f t e r  the i n i t i a l  i s o l a t i o n s  of  the  
pneumococcus by Pasteur (1881)  and by S t e r n b e r g ( 1881) ,  
Bezancon and G r i f fo n  (1897)  demonstrated t h a t  the  
convalescent  serum of p a t i e n ts  wi th pneumococcal  
pneumonia in some cases reacted only wi th the s t r a i n  
i so la t ed  from the p a t i e n t  in ques t ion ,  but not wi th  
other  pneumococcal s t r a i n s .  This ind ica ted  the
ex is tence  of more than one type of pneumococcus.  
Although other  workers around the tu rn  of the century  
not iced d i f f e r e n c e s  between in d iv id u a l  pneumococcal  
s t r a i n s ,  Neufeld and Handel (1910)  demonstrated
s e ro lo g ic a l  d i f f e r e n c e s  between s t r a i n s  using the  
Quellung ( l i t e r a l l y  "s we l l i ng " )  r e a c t io n .
The f i r s t  repor t  concerning the serotypes of  
pneumococci from c l i n i c a l  i n f e c t i o n  (Dochez and
G i l l e s p i e ,  1913) was publ ished in September 1913. These 
authors had studied s t ra in s  i so la ted  from p a t i e n ts  wi th  
lobar  pneumonia, in New York,  USA and found t h a t  
pneumococcal s t ra in s  could be d i f f e r e n t i a t e d  in to  th re e  
d i s t i n c t  types i . e .  1 ,11,111 and a l arge  heterogeneous
group 1V. In December of the same year  L i s t e r  ( 1 9 1 3 ) ,  in 
a study of s t r a in s  i s o la t ed  from cases of pneumonia
amongst gold miners in South A f r i c a ,  also d iv ided
pneumococcal s t r a i n s  in to  four  groups,  and indica ted
the ex is tence of  ye t  f u r t h e r  t ypes .  In the 20 years t h a t
fol lowed these i n i t i a l  s tud i es ,  the number of
pneumococcal groups i d e n t i f i e d  in South A f r i c a  increased
to 21 and these were designated by c a p i t a l  l e t t e r s .
During t h i s  per iod the group 1V s t r a i n s ,  o r i g i n a l l y
c l a s s i f i e d  by Dochez and G i l l e s p i e ,  were examined in a
number of  l a b o r a t o r i e s  in Europe and North America
culminat ing in the repor t  by Cooper e t  a l . (1932)  which
div ided group 1V in to  29 d i s t i n c t  serotypes ( i . e .  1 to
XXX11) .  Arabic numerals g radua l l y  replaced Roman f o r
designat ing pneumococcal types and Cooper's t h i r t y - t w o
types were reduced to t h i r t y ,  as types 26 and 30 were
*
considered i d e n t i c a l  to types 6 and 15 (Morch, 1943) .
In 1938 Ordman compared the pneumococcal types in 
South A f r i c a  with Cooper's system of  c l a s s i f i c a t i o n  and 
found t h a t ,  wi th the except ion of  types 31 and 32,  a l l  
the known types were demonstrated : there  being two
ad d i t io n a l  pneumococcal t ypes ,  designated T and V, 
t h a t  d i f f e r e d  from Cooper's types .
During the 1930s a number of  s tudies  showed t h a t  
Cooper's scheme could be appl ied s u c ce ss fu l l y .  However,  
most workers reported s t ra in s  which were e i t h e r  no t -  
t ypab le  or reacted wi th more than one ant iserum.  A 
t h i r d  group of  s t r a i n s  were recognised which al though  
reac t ing  wi th a s ing le  ant iserum d i f f e r e d  
morphologica l ly  or  in the st rength  of  the r e a c t i o n
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obtained when compared to  the type s t r a i n .  L a t e r ,  a 
number of  these s t r a i n s  were included in repor ts  by 
Kauffmann, Morch and Schmith (1940)  and Morch (1942)  
which brought the t o t a l  to  68.
Two systems of  nomenclature had ar isen based f i r s t l y  
on the work of  Cooper and then by Eddy in the United  
States and secondly by Lund (nee.  Morch) in Denmark. 
According to the American system new types were given  
consecut ive numbers i . e .  in the order  the types were 
detec ted .  However, the Danish system was s i m i l a r  to the  
Kauffmann-White scheme f o r  salmonel la  ant igens and was 
based on c ros s - re a c t io ns  between d i f f e r e n t  t ypes .  
Consequently the American scheme continued to recognise  
types 26 and 30,  which in the Danish system were 6B and 
15A r e s p e c t i v e l y .  In 1944 Eddy reported t h a t  the  South 
Afr ican Group T s t r a in s  were i d e n t i c a l  wi th the American 
type 72 and s ix  years l a t e r  Lund publ ished 4 new types  
(Lund, 1950a) and included types 45 (American type 72)  
and 46( American type 7 3 ) .  Lund added a f u r t h e r  8 types  
in 1960 and wi th Kauffmann and Eddy s y s te m a t i c a l l y  
compared the American (81 types)  and Danish ( 80
types )  des igna t ions .
Since then,  types 48 (Lund, 1962) ,  12A (Lund and
Munksgaard, 1967 ) and 47A (Lund, Munksgaard and S te wa r t ,  
1972) have been included in the current  Danish 
nomenclature,  which is now u n i v e r s a l l y  accepted.  I t  
recognises 83 serotypes of  S.pneumoniae (Lund and 
Henrichsen,  1978) .
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New types cont inue to be found however,  and two have 
been reported r e c e n t l y  i . e .  type 25A by Henrichsen 
( c i t e d  in Robbins e t  a l . , 1983) and type 16A (Aust r ian
e t  a l . , 1985) .
The chronology of  pneumococcal type i d e n t i f i c a t i o n  and
a comparison of  the Danish and American designat ions is
shown in Table 1.
*
« types 26 and 30 are not represented in the Danish 
nomenclature
* *
= the discrepancy is due to Danish type 35A being 
designated as 47 and 62 in the American system.
1 . 2 . 4 .  B io lo g ic a l  c h a r a c t e r i s t i c s
C u l tu ra l  c h a r a c t e r i s t i c s
Pneumococci grow wel l  on blood agar and produce 
colonies approximately 1.0mm in diameter  a f t e r  18 hours 
incubat ion : usua l ly  surrounded by a lpha-haemolysis  of  
the blood beneath and around the colony ( F i g .  I ) .  
Colony s ize  va r ies  wi th the amount of  capsular  m a te r ia l  
produced, f o r  example a type 3 colony may reach 3mm in 
diameter  and have a watery or  mucoid surface whereas 
non-capsulate s t ra in s  form colonies wi th a f i n e l y  
granu la r  surface and are more compact. Some s t r a i n s  
(approx imate ly  8% ) are carbon d io x i d e  dependent
(Aus tr i an  and C o l l i n s ,  1966) and anaerobic c u l t u r e  wi th  
5-10% carbon d iox ide  improves the i s o l a t i o n  r a t e  from 
c l i n i c a l  ma te r ia l  (Howden, 1976) .
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Figure U
Cul ture  of Streptococcus pneumoniae on blood agar
Courtesy of Mr. W. McCormack
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In serum bro t h ,  capsulate  pneumococci g ive  a d i f f u s e
t u r b i d i t y  wi th no deposi t  whereas non-capsulate s t r a i n s
produce a deposi t  wi th a c l e a r  supernate.  Pneumococci
grow best at  pH 7 .6  and when broth cu l tu res  are in log
phase the b a c te r i a  are Gram p o s i t i v e  and the capsular
m ate r ia l  is wel l  developed.  However as the c u l t u r e
reaches l a t e  log phase, many ba c t e r i a  become Gram
negat ive due to the ac t ion of  a u t o l y t i c  enzymes and in
s t a t i o n a r y  phase the b a c te r i a  au to lyse .  Ther e fo r e ,  when
prepar ing pneumococcal suspensions f o r  use in
se ro lo g ic a l  procedures,  the growth must be checked
r e g u l a r l y  by Gram's s ta in  and the capsular  r ea c t ion
t e s t  and stopped by the ad d i t ion  of  2% ( v / v )
formaldehyde when in log to l a t e  log phase. The heat ing
o
of fo rmol in ised  ba c te r i a  at  75 C f o r  30 minutes  
i n a c t i v a t e s  the c e l l ' s  a u t o l y t i c  enzyme and al lows the  
ba c t e r ia  to be resuspended in a f l u i d  medium which lacks  
formaldehyde.  Pneumococcal c e l l s  t r e a te d  in t h i s  way 
r e t a i n  a l l  t h e i r  se ro log ica l  p r o p er t i es  (Dubos, 1938) .  
B i l e  s o l u b i 1i t y
The changes which occur in broth cu l tu res  are due to  
the ac t ion of  an a u t o l y t i c  enzyme and a u t o l y s is  is 
st imulated by s u r f a c e - a c t i v e  agents such as b i l e  s a l t s  
or sodium deoxycholate (M a i r ,  1929) .  The a u t o l y t i c  
enzyme ac t i v a te d  by sodium deoxycholate is an L - a l a n i n e -  
muramyl amidase which acts on the muramic acid o f  the  
c e l l  w a l l ,  only when the normal c h o l i n e -c o n t a in in g  
t e i c h o i c  acid is present ;  pneumococci in which the
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chol ine  has been replaced by ethanolamine in the  
t e i c h o i c  acid are r e s i s t a n t  to b i l e  and do not undergo 
a u t o l y s i s .
The l y t i c  e f f e c t  of b i l e  on the pneumococcus was 
reported by Neufeid ( 1 90 0 ) .  He tes ted ox b i l e  against  a 
wide range of organisms, and found t h a t  only "F ra nk e l ' s  
diplococcus" was d isso lved .  Consequently,  the b i l e  
s o l u b i l i t y  t e s t  was used to  d i f f e r e n t i a t e  pneumococci  
from other  morpho log ica l l y  s i m i l a r  a lpha -haemolyt i c  
s t re p to c o c c i .  Although the b i l e  s o l u b i l i t y  t e s t  was 
r e l i a b l e  when performed on capsulate pneumococci,  i t  was 
found t h a t  non-capsula te  pneumococci were more r e s i s t a n t  
to the ac t ion of b i l e  (Reimann, 1925) .
B i l e  s o l u b i l i t y  t e s ts  are normal ly c a r r i e d  out on 
cu l tu res  of pneumococci in serum broth.  However, Howden 
(1976)  observed t h a t  pneumococci,  when grown in an 
anaerobic atmosphere conta in ing carbon d i o x i d e ,  produced 
s u f f i c i e n t l y  large colonies which were s u i t a b l e  f o r  use 
in a rapid b i l e  s o l u b i l i t y  t e s t  (Howden, 1979) .  
Biochemical  c h a r a c t e r i s t i c s
Pneumococci are f a c u l t a t i v e l y  anaerobic and wi th  
other  s t rep tococc i  are c l a s s i f i e d  as l a c t i c  acid  
b a c t e r i a .  Pneumococci ferment  l a c t os e ,  sucrose,  us ua l l y  
t re h a l os e  and r a f f i n o s e .  In u l i n  fe rmen ta t ion  was 
considered useful  as a d iagnos t ic  t e s t  f o r  pneumococci  
but many s t r a in s  f a i l  in t h i s  respect  and i n u l i n  is  
metabol ised by other  s t rep tococc i  e . g . 5 . s a l i v a r i u s . 
Qptochin (e th y lh y d r o c u p r e in ) s u s c e p t i b i 1i t y
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Optochin s u s c e p t i b i l i t y  is c u r r e n t l y  t h e mos  ^ widely
used t e s t  f o r  the presumptive i d e n t i f i c a t i o n  of  
S.pneumoniae. Morgenroth and co l l a b o r a to rs  (1911)  
demonstrated t h a t  optochin (a d e r i v a t i v e  of  qu in ine )  
protected mice against  i n f e c t i o n  by pneumococci and 
Moore (1915)  suggested t h a t  optochin could be used to
i d e n t i f y  pneumococci.  Pneumococci are k i l l e d  by
optochin at  a concentrat ion of  2-10 ug/ml whereas 
st reptococci  are a f f ec te d  by concentrat ions of  200 ug/ml  
and above (Morch, 1943) .
The optochin s u s c e p t i b i l i t y  t e s t  was r e - i n t r o d u c e d ,  in 
the form of impregnated paper s t r i p s ,  by Bowers and
J e f f r i e s  (1955)  when typing serum, which was a by­
product of th e r a p e u t i c  serurr], became scarce.  Unl ike the
b i l e  s o l u b i l i t y  t e s t ,  both capsulate and non-capsula te  
s t ra in s  of S.pneumoniae are i n h i b i t e d  by optochin .  Some 
s t ra in s  of a lpha -haemolyt i c  s t r e p to c o c c i ,  which are  
i nso lub le  in b i l e ,  are p a r t i a l l y  in h i b i t e d  by optochin  
(Lund, 1959) .  Optochin s u s c e p t i b i l i t y  has an accuracy of  
90-95% f o r  S.pneumoniae when the t e s t  is c a r e f u l l y
standardised ( A u s t r i a n ,  1975a) .
A n t i b i o t i c  s e n s i t i v i t y  and res is tance
The pneumococcus was amongst the f i r s t  b a c t e r i a l
species recognised as being capable of developing  
res is tance  to an an t i m ic r o b ia l  agent (A u s t r i a n ,  1975a) .  
Morgenroth and Kaufmann (1912)  reported t h a t  
pneumococci developed res is tance  to optochin j_n vivo and 
Tugendreich and Russo (1913)  descr ibed optochin
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r e s i s t a n t  mutants in a c u l t u re  of pneumococcus. Moore 
and Chesney (1917)  demonstrated a 20 fo l d  increase in 
res is tance  of a s t r a i n  of  pneumococcus i s o l a t ed  from a 
p a t i e n t  t r e a te d  wi th optochin .  Recent ly s t r a i n s  of  
S.pneumoniae have been found which have developed 
res is tan ce  to a number of a n t i b i o t i c s  used to t r e a t  
pneumococcal i n f e c t i o n .
S u l f a p y r i d in e  was introduced in the 1930s and was used 
alone or in combination wi th pneumococcal serum th er apy .  
Pneumococci r e s i s t a n t  to sul fonamide were reported in 
1943. T e t r ac y c l in e  res is tance was f i r s t  descr ibed by 
Evans and Hansman (1963)  and t h e r e a f t e r  was f r e q u e n t l y  
reported by other  workers.  Since t e t r a c y c l i n e  r e s i s t a n t  
pneumococcci were i so la te d  more f r e q u e n t l y  from male 
p a t i e n t s ,  over 50 years of age, wi th a h is to ry  of  recent  
h o s p i t a l i s a t i o n  and t reatment  wi th t e t r a c y c l i n e ,  i t  was 
postu lated th a t  r e s i s t a n t  s t r a i n s  developed in e l d e r l y  
males wi th chronic b r o n c h i t i s  who had rece ived  
t e t r a c y c l i n e  therapy .
P e n i c i l l i n  was introduced in 1940 and became the  
a n t i b i o t i c  of  choice f o r  pneumococcal i n f e c t i o n s .  
S.pneumoniae s t ra in s  were uni formly  s e n s i t i v e  to  
p e n i c i l l i n  ( M I  C <0.05 ug/ml)  and t h i s  g r e a t l y  
s i m p l i f i e d  the t reatment  of pneumococcal i n f e c t i o n .  
However wi th the appearance of p e n i c i l l i n  r e s i s t a n t  
pneumococci, i t  has become necessary to t e s t  s t r a i n s  of  
S.pneumoniae f o r  p e n i c i l l i n  s u s c e p t i b i l i t y  and to  
ascer ta in  s u s c e p t i b i l i t y  pa t te rns  f o r  a l t e r n a t i v e
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a n t im ic r o b ia l  agents.
Although p e n i c i l l i n - r e s i s t a n t  mutants had been
induced v i t r o , the f i r s t  s t r a i n  from c l i n i c a l
m at e r i a l  was reported in Sydney, A u s t r a l i a  (Hansman and 
Bul len ,  1967) .  T h e r e a f t e r ,  s t r a in s  wi th increased
res is tance  to p e n i c i l l i n  (M I C 0.1 to 1.0 ug/ml )  were
reported from a number of centres throughout  the wor ld .  
In almost a l l  cases,  the s t r a i n s  were i s o la t e d  from 
p a t i e n ts  who had received prolonged courses of
p e n i c i l l i n .  These s t ra in s  could be e f f e c t i v e l y  t r e a t e d  
by increas ing the p e n i c i l l i n  dosage or by using o ther  
r e la t e d  a n t i b i o t i c s  e . g .  a m p i c i l l i n ,  to which the
organism remained s e n s i t i v e .  These s t ra in s  were termed 
i n te rmed ia te  p e n i c i l l i n  r e s i s t a n t  ( IP R ) .
In con trast  to the IPR s t r a i n s ,  m u l t i p l e  a n t i b i o t i c
r e s i s t a n t  pneumococci were i s o l a t ed  in South A f r i c a
(Jacobs e t  a l . , 1978) .  The m u l t i p l e  r e s i s t a n t  s t r a i n s
Jwere moderately r e s i s t a n t  to pen i c i 11 in £ M I  C 4 to 8
. f
ug/ml)  and had s i m i l a r  l ev e l s  of res is tance  to o ther  
beta- l actam a n t i b i o t i c s .  Furthermore,  these s t r a i n s  were 
i n v a r i a b l y  r e s i s t a n t  to other  a n t i b i o t i c s  e . g .  chloram­
phen ico l ,  t e t r a c y c l i n e .  Zighelboim and Tomasz (1981)
in ves t ig a t ed  the b i o l o g i c a l  mechanisms which determined  
res is tance  in the South A f r i can  s t r a i n s  and found t h a t  
these d i f f e r e d  from s e n s i t i v e  s t r a in s  by having  
d i f f e r e n t  pa t te rns  of p e n i c i l l i n  binding p r o t e in s .
The PHLS (CDR 86 /0 7 )  has reported an increase in the  
number of p e n i c i l l i n  r e s i s t a n t  s t r a in s  in England.
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Whereas in 1982-84 only one or two s t r a i n s  were 
repo r t ed ,  the number reported in 1985 increased to 9 and 
in the f i r s t  s ix  weeks of  1986, 6 s t r a in s  were
repor ted .  These s t r a i n s  have a l l  been IPR and are  
serotype 23F. The IPR s t r a in s  give a reduced zone of
i n h i b i t i o n  wi th p e n i c i l l i n  discs ( 1 . 2  u n i t s )  and can 
e a s i l y  be mistaken as f u l l y  s e n s i t i v e  (Rees and 
Waterworth,  1980) .  The Nat iona l  Committee f o r  C l i n i c a l  
Laboratory Standards (NCCLS) has recommended t h a t  
pneumococci be screened f o r  p e n i c i l l i n  res i s t an ce  wi th  
an o x a c i l l i n (  1 ug ) d i s c .
The occurrence of  p e n i c i l l i n  r e s i s t a n t  pneumococci  
h i g h l i g h t s  the need f o r  the r e - i n t r o d u c t i o n  of  
serotyping of  S.pneumoniae s t r a i n s .  Pneumococcal 
vaccines may in se lected groups prevent  the development
of  systemic pneumococcal i n f e c t i o n  by p e n i c i l l i n
r e s i s t a n t  s t r a i n s .  Cur ren t ly  15 of  the 22 d i f f e r e n t  
serotypes,  in which p e n i c i l l i n  re s is tance  has been
demonstrated,  are represented in the 23 va le n t
pneumococcal vaccine fo rmula t ion  and a f u r t h e r  4 
serotypes are a n t i g e n i c a l l y  r e l a t e d  to serotypes  
included in the vaccine.  Serotyping is also necessary as 
a control  of  measures designed to l i m i t  the spread of  
p e n i c i l l i n  r e s i s t a n t  s t ra in s  in the community.
1 . 2 . 5 . Pathogenic mechanisms
The way in which the pneumococcus damages the host i t  
invades is not known. Since death from pneumococcal
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pneumonia can occur days a f t e r  a n t i b i o t i c  therapy has 
e l im in a te d  v i a b le  S.pneumoniae from the t issues  or  
blood,  i t  is presumed th a t  death r e s u l t s  from 
i r r e v e r s i b l e  i n ju r y  r e s u l t i n g  from the i n f e c t i o n .  
Although the prec ise  nature of the i n ju r y  is not known, 
S.pneumoniae produces a number of tox ins  which may be 
involved in pathogenesis.  Furthermore,  the pneumococcal  
capsule and c e l l  wal l  have been shown to c o n t r ib u te  to  
the pathology of pneumococcal i n f e c t i o n .
Pneumococcal tox ins
Pneumococci produce a haemolyt ic to x in  ( Pneumolysin)  
which is a su lphydr l -a -c t i  vated c y t o l y t i c  to x in  which 
binds to ch o le s te ro l  in the host c e l l  membrane. I t  is  
immunological ly r e la t e d  to the oxygen l a b i l e  "0“
haemolysin of haemolyt ic s t r e p to c o c c i ,  C . t e t a n i  and
C.per f r ingens  and has s i m i l a r  p r op er t i e s  e . g .  depression
of chemotaxis and k i l l i n g  of polymorphonuclear
leucocytes (Johnson, Boese-Marrazzo and P ie rc e ,  1981) .  
However pneumolysin is c e l l - a s s o c i a t e d  ( found in both 
capsulate and non-capsulate s t ra in s  ) whereas the
others are exotox ins .  Pneumolysin is i n h i b i t e d  by normal  
serum whereas the others are not .  Paton and
co l la b o r a t o rs  (1983)  have shown t h a t  pneumolysin can 
a f f e c t  the immune response by :
1. Prevent ing the establ ishment  of an adequate ant ibody  
response by binding to lymphocytes.
2.  A c t i v a t in g  complement by the c l a s s i c a l  pathway and
t h e r e f o r e  reducing the opsonic a c t i v i t y  of serum.
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They also showed t h a t  mice immunised wi th in a c t i v a t e d  
pneumolysin were protected when chal lenged wi th  
v i r u l e n t  pneumococci and concluded t h a t  the  
i ncorpora t ion  of i n a c t i v a t e d  pneumolysin in to  the  
pneumococcal polysacchar ide  vaccine may improve i t s  
e f f i c i e n c y  in prevent ing invas ive  pneumococcal d isease.  
Antibody to pneumolysin has been found in the serum of  a 
propor t ion of pa t i e n ts  recover ing from pneumococcal  
pneumonia ( Kal in  e t  a l . , 1987).
Neuraminidase is produced by capsulate s t r a i n s  of  
S.pneumoniae, but does not c o r r e l a t e  wi th v i r u l e n c e  
( K e l l y ,  G r i e f f  and Farmer,  1966) and a purpura-  
producing p r i n c i p l e ,  which causes dermal and i n t e r n a l  
haemorrhages when in jec te d  in to  ra bb i ts  has been 
i d e n t i f i e d .
There is no conclusive  evidence t h a t  pneumolysin,  
neuraminidase or purpura-producing p r i n c i p l e  play a r o le  
in the pathology of  pneumococcal i n f e c t i o n  (Johnston,  
1981) .
The r o le  o f  the pneumococcal capsule and cel  1 wal 1 in 
pneumococcal in f e c t i o n
Pasteur (1881)  in his d e s c r ip t i o n  of  the pneumococcus 
made note of what is now known as the pneumococcus 
capsule .  Frankel  (1885)  found t h a t  r a b b i t s ,  which had 
recovered from pneumococcal i n f e c t i o n ,  were immune to  
chal lenge by v i a b le  pneumococci and t h i s  was conf i rmed  
by the Klemperers (1891)  who used immune serum in 
p a t i e n t s .  Since then the pneumococcus capsule has been
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the subject  of  d e t a i l e d  examinat ion.
Studies by G r i f f i t h  (1928)  demonstrated the  
importance of  the pneumococcus capsule in i n f e c t i o n .  He 
showed th a t  when a v i r u l e n t  non-capsulate pneumococci 
were mixed wi th h e a t - k i l l e d  capsulate  pneumococci and 
i n jec te d  subcutaneously in to  m i c e , t h e  mice succumbed to  
pneumococcal i n f e c t i o n  y i e l d i n g  capsulate  pneumococci of  
the capsular  type of the h e a t - k i l l e d  suspension.  This  
phenomenon, which has become known as t r a n s f o r m a t i o n ,  
was shown by others to occur j_n v i t r o  and the re po r t  by 
Avery,  MacLeod and McCarty (1944)  which es tab l i s he d  
deoxyr ibonucle ic  acid as the ac t i v e  p r i n c i p l e  of  
t rans format ion  provided a foundat ion f o r  the science of  
molecular  ge ne t ics .
The pneumococcus capsule is an t iphagocy t ic  and permits  
the establ ishment  and progression of in f e c t i o n  in the  
non-immune host .  Non-capsulate s t r a i n s  of pneumococci  
are suscept ib le  to phagocytosis and are r a r e l y  i s o la t e d  
from systemic d isease .  Antibody to the capsu lar  
m a t e r i a l ,  which a l t e r s  the surface p r o p er t i es  of the  
c e l l ,  promotes phagocytosis and recovery from 
i n f e c t i o n .  The d i f f e r e n t  pneumococcal serotypes are not  
equa l l y  invas ive  and both the chemical  composit ion and 
qu an t i t y  of capsular  m at e r i a l  produced appear to  
c o nt r ib u t e  to v i r u le n c e  ( A u s t r i a n ,  1981) .
Dochez and Avery (1917)  reported the presence of  
Sp ec i f i c  Soluble Substance (SSS) in the blood and u r in e  
of p a t i e n ts  wi th lobar  pneumonia and showed t h a t  i t  was
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produced by pneumococci during growth.  The SSS, which 
l a t e r  became known as capsular  polysacchar ide (CPS) was 
present  in the ur ine  of a large percentage of  pa t i e n ts  
at some stage of the i n f e c t i o n ,  but only occurred in 
the serum of  p a t i e n ts  wi th severe disease.  Subsequent  
studies ( B l a k e , 1918; Bul lowa,  Bukantz and de Gara,  1941;  
Bukantz,  de Gara and Bul lowa,  1942) demonstrated t h a t  
capsular  po lysacchar ide was more of ten present  in the
serum of  pa t i e n ts  wi th bacteraemic pneumococcal  
pneumonia and was associated wi th m o r t a l i t y .  Because
c i r c u l a t i n g  capsular  polysacchar ide i n t e r f e r e d  wi th the  
host defences (Fe l ton  and B a i l e y ,  1926; S i c k l e s ,  1927) ,  
Bullowa and c o l l a b o r a to rs  (1941)  proposed t h a t  a n t i -  
pneumococcal serum should be given to p a t i e n t s ,  wi th  
capsular  polysacchar ide in t h e i r  c i r c u l a t i o n ,  to
n e u t r a l i s e  i t s  e f f e c t .
Since a tox in  has not been impl icated in pneumococcal  
disease and as a r e s u l t  of  observat ions which suggest a 
r e l a t i o n s h i p  between the presence of  capsular  
polysacchar ide in serum and m o r t a l i t y ,  Johnston (1981)  
has suggested th a t  the toxaemia and t i s su e  damage which 
re s u l t s  from pneumococcal i n f e c t i o n  is mediated by
host defence mechanisms d i rec ted  against  the capsu lar  
polysacchar ide m ate r ia l  or  pneumococcal c e l l  w a l l .
Recent studies in ra bb i ts  (Tuomanen e t  a l . , 1985)
have shown th a t  the pneumococcus c e l l  wa l l  is the  most 
potent  a c t i v a t o r  of  meningeal in f lammat ion.  They have 
demonstrated th a t  any of  the s t r u c t u r a l  components of
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the c e l l  wal l  -  pept idoglycan and t e i c h o i c  acid -  could 
induce inf lammat ion but capsular  polysacchar ide had no 
e f f e c t ,  at  concentrat ions  l i k e l y  to be produced as a 
r e s u l t  of  i n f e c t i o n .  They also found t h a t  k i l l e d  
encapsulate pneumococci had no e f f e c t  and argued t h a t  
the capsular  polysacchar ide had masked the e f f e c t  of  
c e l l  wal l  m at e r ia l  and suggested t h a t  during a c t i v e  
i n f e c t i o n  capsulate  pneumococci expose or re lease  
under ly ing c e l l  wal l  components which cause the  
inf lammatory response.
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1 . 3 . LABORATORY INVESTIGATION OF PNEUMOCOCCI
1 . 3 . 1 .  D i r e c t  smears
Pneumococci were probably f i r s t  seen by Klebs in 1875,  
in the bronchia l  contents of pa t i e n t s  dying from
pneumonia. D r . C h r i s t i a n  Gram, who had devised a
technique f o r  s t a i n i ng  b a c t e r i a  in t i s sue  sec t io ns ,
reported t h a t  he had seen b a c te r i a  which re ta ined  
gent ian v i o l e t  in 19 of 20 lung sect ions from f a t a l
cases of lobar  pneumonia, prepared by F r i e d la n d e r .  
However, in the remaining sect ion he found t h a t  the  
ba c t e r ia  were decolour ised and noted t h a t  i t  was from 
t h is  case th a t  F r ied lan der  had obtained most of the  
cu l tu res  of the organism which he had i d e n t i f i e d  as the  
causat ive agent of pneumonia ( A u s t r i a n ,  1975a) .  N e i t her  
Gram nor F r ied lan der  appreciated the s i g n i f i c a n c e  of  
Gram's observat ion and the importance of Gram's s t a i n  
was not recognised u n t i l  Weichselbaum (1886)  descr ibed  
his f i n d i n g s .  He demonstrated pneumococci in 94 of 129 
cases of f a t a l  pneumonia and i s o l a t ed  pneumococci on 54 
occasions.
"The methods of i n v e s t ig a t io n  of b a c t e r i a " ,  which was 
publ ished in 1885, may have been the f i r s t  t e x t  in 
which Gram's s ta in  was suggested f o r  the i d e n t i f i c a t i o n  
of b a c t e r i a  (A u s t r i a n ,  1985) .
Figure I I  shows the Gram's s t a i n  of ce rebrospina l  
f l u i d  obtained from a p a t i e n t  wi th pneumococcal
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Gram's sta ined smear of ce rebrospina l  f l u i d  showing Gram 
p o s i t i v e  l anceo la te  d ip lococc i
Courtesy of the s l i d e  c o l l e c t i o n ,  Bac ter io logy  
Department,  Royal I n f i r m a r y ,  Glasgow.
m e n in g i t i s .  However, pneumococcal morphology present  in 
r e s p i r a t o r y  secret ions  or body f l u i d s  from p a t ie n ts  may 
not be t y p i c a l  ( i . e .  Gram-posi t ive lanceolate  
d i p lo c o c c i )  and t h e r e f o r e  Gram's s ta in  alone cannot be 
used to d i s t i n g u i s h  pneumococci from other  species of  
s t reptococci  (A u s t r i a n ,  1974) .
Capsular reac t ion  t e s t  ( Quel 1ung r e a c t i o n )
Although other  b a c te r i a  give the capsular  reac t ion  
with appropr ia te  an t i s e ra  e . g .  K l e b s i e l l a  , E . c o l i  e t c . ,  
the t e s t  was o r i g i n a l l y  described f o r  pneumococci.  
Before the in t ro du c t i on  of a n t i b i o t i c s  to  t r e a t  
pneumococcal i n f e c t i o n s ,  pneumococci were r o u t i n e l y  
serotyped by the capsular  reac t ion  t e s t  performed on 
c l i n i c a l  m a t e r i a l .  This enabled physicians to t r e a t  
pat i en ts  promptly wi th the appropr ia te  pneumococcal  
antiserum (A u s t r i a n ,  1975a) .  Recent repor ts  have r e ­
estab l i shed the value of the capsular  re ac t ion  t e s t  f o r  
the rapid i d e n t i f i c a t i o n  of pneumococci in blood 
cu l tu res  (More l lo  and York,  1982) .  The capsular  r ea c t io n  
t e s t  can be performed when s u f f i c i e n t  pneumococci are  
seen in a Gram-stained smear ( F i g . I I I ) .  Consequently  
the value of the capsular  reac t ion t e s t  is l i m i t e d  by 
the s e n s i t i v i t y  of  microscopic examinat ion.  Although the  
s e n s i t i v i t y  of  a Gram's s t a in  has not been es tab l i s he d  
f o r  pneumococci,  studies on p o s i t i v e  blood c u l t u re s
showed th a t  pneumococci were de tec tab le  when the
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b a c t e r i a l  concentrat ion was more than 10 
cfu/ml  (McCarthy and Senne, 1980) .  Immunofluorescence
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Figure I I I :
Capsular  r ea c t ion  t e s t  ( CRT) ca r r i ed  out on Streptococcus  
pneumoniae in blood c u l t u re  broth
A. Tested wi th homologous pneumococcal ant iserum-
CRT p o s i t i v e
B. Tested wi th heterologous pneumococcal ant iserum - 
CRT negat ive
increases the s e n s i t i v i t y  of  a d i r e c t  smear f o r  the  
diagnosis of b a c t e r i a l  mening i t i s  (Olcen,  1978) .
1 . 3 . 2 .  Cul ture
S.pneumoniae grows on unenriched n u t r i e n t  media 
prepared from f resh beef in fus ion b ro th .  The i n i t i a t i o n  
of growth of small numbers of b a c t e r i a  is in h i b i t e d  in 
in fus ion b ro th ,  exposed to a i r ,  and t h e r e f o r e ,  a 
reducing agent such as cyste ine  is incorporated to  
prevent  t h i s .  Serum at  a concentrat ion of  10% ( v / v )
improves growth by act ing as a b u f f e r  and serum can be 
replaced wi th sodium carbonate ( H o l t ,  1962) .  Although 
pneumococci grow less wel l  on media prepared from 
dehydrated in g r e d ie n ts ,  t ryp tone  soya agar wi th 5% horse 
blood prepared in t h i s  way is s a t i s f a c t o r y  f o r  r ou t in e  
l aboratory  work ( A u s t r i a n ,  1974) .
I d e n t i f i c a t i o n
Optochin s u s c e p t i b i l i t y  and, to a lesser  e x t e n t ,  b i l e  
s o l u b i l i t y  are the t e s ts  most of ten performed in 
rout ine  l a b o r a to r i e s  f o r  the presumptive i d e n t i f i c a t i o n  
of S.pneumoniae. Most s t ra in s  of S.pneumoniae are  
suscept ib le  to optochin whereas most a lpha -haemolyt i c  
st reptococci  are not .  Tests f o r  optochin s u s c e p t i b i l i t y  
requ i re  ca re fu l  s tandar d is a t ion  since the s i ze  of  the  
i n h i b i t i o n  zone around an optochin disc is smal ler  when 
the pneumococcus is grown in an atmosphere conta in ing  
carbon d iox ide  (Ragsdale and Sanford,  1971) .  F u r t h e r -
c ~
more, optochin s u s c e p t i b i l i t y  does not d i s t i n g u i s h
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between capsulate and non-capsulate s t r a i n s .  B i l e  
s o l u b i l i t y  charac te r ises  most s t r a in s  of capsulate  
pneumococci and the b i l e  s o l u b i l i t y  t e s t  can be 
performed on primary cu l tu re  p la tes  which have been 
incubated an aer ob ic a l l y  - when incubat ion is ca r r i ed  out  
a e r o b i c a l l y ,  colony s i ze  is reduced and i n t e r p r e t a t i o n  
is more d i f f i c u l t  (Howden, 1979) .  Since occasional  
s t ra in s  of a lpha -haemolyt i c  s t reptococci  and non-  
haemolyt ic s t rep tococc i  may also be lysed,  the b i l e  
s o l u b i l i t y  t e s t  cannot be regarded as d e f i n i t i v e .
Serolog i ca1 i d e n t i f i c a t i o n
Serologica l  t e s ts  are the s im p les t ,  most rapid and 
most accurate way to i d e n t i f y  pneumococcal c u l t u r e s .  
Omni serum (Lund and Rasmussen, 1966) a v a i l a b l e  from the  
Statens S e r u m i n s t i t u t , Copenhagen, reacts  wi th a l l  83 
serotypes of S.pneumoniae in the capsular  r ea c t io n  
t e s t .  Recent ly Omni serum has been used as the source of  
pneumococcal ant ibody in other  se ro lo g ic a l  t e s ts  such as 
counter immunoelectrophoresis ( S o t t i l e  and R y t e l , 1975 ) ,  
c o -a g g lu t i n a t i o n  (Burdash and West, 1982) immuno­
f luorescence (Wicher et  a l . , 1982) and l a t ex  a g g l u t i n ­
at ion (Smith and Washington, 1984) .  S o t t i l e  and Rytel  
(1975)  and Burdash and West (1982)  found t h a t  an 
occasional  s t r a i n  of S.pneumoniae was op tochin -  
r e s i s t a n t  and a s t r a i n  of S.sanguis was op tochin-  
s e n s i t i v e .  However, of g r e a te r  importance was the  
f i n d i n g ,  t h a t  in a l l  of  these s t ud ie s ,  some s t r a i n s  of  
a lpha -haemolyt ic  s t reptococci  reacted in te s ts  wi th
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pneumococcal a n t i s e r a .  Holmberg e t  a 1 . ( 1985) hav*shown 
th a t  68% of s t r a in s  of  a lpha -haemolyt ic  s t rep tococc i  
they examined reacted wi th Omni serum when used in 
l a t ex  a g g l u t i n a t i o n ,  immunofluorescence and counter -  
immunoelecrophoresis, but they did not carry out the  
capsular  reac t ion  t e s t .  I t  is wel l  known t h a t  some 
s t r a in s  of r e s p i r a t o r y  s t reptococc i  reac t  wi th  
pneumococcal an t i s e ra  in the capsular  reac t ion  t e s t  and 
these have been studied (Lund, 1950b ; Yurchak and 
Aust r i an ,  1966; A us t r i a n ,  Buet tger  and Dole,  1972) .  
However the capsular  reac t ion  of these c r o s s - r e a c t i n g  
s t ra in s  is less pronounced than the capsular  r ea c t ion  
of capsulate s t r a in s  of S.pneumoniae.
1 . 3 . 3 . Serotyping methods
Cul tures of pneumococci
The f i r s t  at tempt at  pneumococcus typ ing was by 
Ungermann (1910)  who used a mouse p ro te c t io n  t e s t .  In 
t h i s  t e s t ,  immune serum, obtained from a p a t i e n t  
recover ing from pneumococcal i n f e c t i o n ,  was in j e c t e d  
i n to  the peri toneum of a mouse. A f t e r  a few hours,  
in fected sputum was in jec ted  and the p e r i t o n e a l  exudate
(examined, a f t e r  3 hours.  Phagocytosis of  the in je c t e d  pneumococci  
proved th a t  the pneumococcus and the immune serum were 
homologous. Ear ly  workers involved in the c l a s s i f i c a t i o n  
of pneumococcal types mostly used a g g l u t i n a t i o n  t e s t s .
As a r e s u l t  of  the work by Neufeld and E t i n g e r -
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Tulczynska (1931)  the capsular  reac t ion  t e s t  became the  
recognised method f o r  typing pneumococci.  Although i t  
remains the method of  choice ,  other  methods f o r  typing  
pneumococci have been reported which reduce the amount 
of  serum, and in some methods, the t ime requi red f o r  
typing compared wi th the capsular  reac t ion  t e s t .  Micro -  
a g g lu t in a t io n  (Kirkman,  Fisher  and Pagano, 1970) ,  co­
a g g lu t i n a t i o n  (K r o n v a l l ,  1973) ,  counter immunoelectro-
phoresis ( S o t t i l e  and R y te l ,  1975) and c a p i l l a r y  
p r e c i p i t a t i o n  (Russel l  e t  a l . , 1978. )  have been used. A 
recent  study by Henrichsen,  Berntsson and K a i j s e r  (1980)  
has shown t h a t  serotype.s 7F , 7A , 14 ,33F ,33A and 37 cannot  
be detected by counter immunoelectrophoresis when 
performed in convent ional  bu f fe rs  and th a t  serotypes  
w i t h in  serogroups cannot be d i s t i n g u i s h e d ,  since many of  
the f a c t o r  sera used f o r  typing do not conta in  
s u f f i c i e n t  amounts of  p r e c i p i t a t i n g  an t ibody .  Recent ly  
Smart (1986)  has shown t h a t  the r e s u l t s  of  se rotyp ing  
S.pneumoniae s t r a i n s  by c o -a g g lu t i n a t i o n  agree wi th
those obtained by the capsular  re ac t ion  t e s t .  
Pneumococci in c l i n i c a l  m at e r ia l
Ear ly  workers i d e n t i f i e d  pneumococci s e r o l o g i c a l l y  by 
performing a g g lu t in a t io n  or  p r e c i p i t a t i o n  t e s t s  on the  
p e r i t o n e a l  exudate r e s u l t i n g  from i n j e c t i n g  mice wi th  
i n fec ted  m at e r ia l  (Avery,  1915 ; Blake,  1917) .  Avery
(1918)  showed t h a t  a 4 to 5 hour broth c u l t u r e  of  the  
i n fec ted  m at e r ia l  was s u i t a b l e  f o r  a g g l u t i n a t i o n  t e s t s ,  
and, a f t e r  t rea tment  wi th ox b i l e ,  could be used in
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p r e c i p i t a t i o n  t e s t s .  Armstrong (1931)  reported t h a t  the  
capsular  reac t io n  t e s t  could be performed on p e r i t o n e a l  
exudates and the f o l lo w in g  year  Armstrong (1932)  and 
Logan and Smeall (1932)  found t h a t  the capsular  r ea c t ion  
t e s t  could be used d i r e c t l y  on sputum to type  
pneumococci.  Recent ly M e r r i l l  e t  a l . (1973)  have shown 
th a t  the capsular  reac t ion  t e s t  is more accurate than 
Gram's s t a i n  f o r  the i d e n t i f i c a t i o n  of  pneumococci in 
sputum and Per l ino  (1984)  has shown i t s  value in the  
diagnosis of  pneumococcal pneumonia.
1 . 3 . 4 .  Detect ion of  pneumococcal ant igen in c l i n i c a l  
m at e r i a l
Dochez and Avery (1 9 1 7 ) ,  used a p r e c i p i t a t i o n  
technique to demonstrate t h a t  pneumococcal ant igen was 
present  in the serum and ur ine  of  p a t i e n ts  wi th  
pneumonia and Blake (1918)  found t h a t  ant igenaemia in 
bacteraemic pneumococcal pneumonia was more o f ten  
associated wi th f a t a l i t y  than when bacteraemia occurred  
without  ant igenaemia.
M i t c h e l l  and Muns (1917)  typed the i n f e c t i n g  
pneumococcus by employing a d i r e c t  p r e c i p i t a t i o n  t e s t  on 
sputum and t h i s  technique was developed by Krumwiede and 
c o l l a b o r a to rs  (1 91 8 ) .  They ca r r i ed  out ant igen  
p r e c i p i t a t i o n  t e s ts  a f t e r  the sputum was t r e a t e d  wi th  
an t i f o rm in  and l a t e r  showed th a t  pneumococcal an t igen  
could be detected in a sa l i n e  homogenate of  sputum which 
had been coagulated by heat .
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Amoss (1930)  typed pneumococcal ant igen in serum and 
Bukantz e t  a l . (1942)  demonstrated t h a t  the incidence of  
pneumococcal ant igenaemia va r ied wi th the type of  the  
i n f e c t i n g  pneumococcus.
During the 1940s, p e n i c i l l i n  replaced serum therapy  
f o r  the t rea tment  of  pneumococcal pneumonia and 
s i g n i f i c a n t l y  reduced the m o r t a l i t y  r a t e .  Consequently  
typing of  pneumococcal s t r a in s  and t h e r e f o r e  the  
capac i ty  to de tec t  pneumococcal ant igen in c l i n i c a l  
m a t e r i a l ,  became less impor tant .
Current  i n t e r e s t  in the de te c t io n  of  pneumococcal  
ant igen in c l i n i c a l  ma te r ia l  stems from the work by 
D o r f f ,  Coonrod and Rytel  ( 1 9 7 1 ) .  They used counte r -  
immunoelectrophoresis ( C I E ) ,  and pneumococcal Omni 
serum, to de tec t  ant igen in the serum of  p a t i e n t s  wi th  
pneumococcal pneumonia and Coonrod and Rytel  (1972)  
used CIE to determine the ae t io lo gy  of  b a c t e r i a l  
m e n in g i t i s .  Kenny e t  a l . ( 1972) increased the s e n s i t i v i t y  
of CIE by using s p e c i f i c  pneumococcal a n t i s e r a ,  instead  
of  Omni serum, and demonstrated t h a t  60% of  p a t i e n t s  
with bacteraemic pneumococcal pneumonia had pneumococcal  
ant igen in t h e i r  serum (a n t igenaemia ) .  Coonrod and Rytel  
(1973)  showed th a t  ant igenaemia wi thout  bacteraemia was 
rare  but they found pneumococcal ant igen in concentrated  
ur ine  from 37% of  pa t i e n ts  wi th pneumococcal pneumonia
who did not have bacteraemia or ant igenaemia.  Fossieck ,
Craig and Paterson (1973)  used CIE and Omni serum to
de tec t  pneumococcal ant igen in ce rebrospina l  f l u i d  but
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were unable to de tec t  pneumococcal ant igen in the CSF 
from one p a t i e n t  from which S.pneumoniae was i s o l a t e d .
Latex p a r t i c l e s  sens i t i se d  wi th Omni serum were used 
to de tec t  b a c t e r i a l  ant igen in CSF ( W h i t t l e  e t  a l . , 
1974) and in serum (Coonrod and Rylko-Bauer ,  1976) .  Thesa 
workers found t h a t  the l a t e x  a g g l u t i n a t i o n  t e s t  was more 
convenient ,  detected types 7 and 14, which were not
detected by CIE( Kenny e t  a l . ,1972)  and was more
s e n s i t i v e  than CIE in te s ts  wi th p u r i f i e d  pneumococcal  
capsular  polysacchar ide .  However they found t h a t  the
la te x  a g g lu t in a t io n  t e s t  was less s e n s i t i v e  than CIE
when used to de tec t  pneumococcal ant igen in CSF and 
serum.
Tugwell  and Greenwood (1975)  es tab l i shed  the value of  
CIE f o r  the diagnosis of  pneumococcal pneumonia. They 
were able to demonstrate pneumococcal ant igen in serum,  
u r in e ,  p le ur a l  f l u i d  and sputum and observed t h a t
pa t i e n ts  who developed compl ica t ions ,  such as j aund ice  
and p l e u r a l  e f f u s i o n ,  as a r e s u l t  of  pneumococcal
pneumonia o f ten  had pneumococcal ant igen in t h e i r  serum.  
This assoc ia t ion  was confirmed by o ther  workers (Ry te l  
e t  a l . , 1974; Coonrod and Leach, 1976; Coonrod and
Drennan, 1976) and they suggested t h a t  the compl ica t ions  
which developed as a r e s u l t  of  pneumococcal ant igenaemia  
cont r ibu ted  to the high m o r t a l i t y  ra tes  found in these  
p a t i e n t s .
Dirks-Go and Zanen (1978)  and Olcen (1978)  found t h a t  
c o -a g g lu t i n a t i o n  was more s e n s i t i v e  than CIE f o r  the
diagnosis  of  pneumococcal m e n in g i t i s .  S i m i l a r l y ,  Edwards 
and Coonrod (1980)  found c o -a g g lu t i n a t i o n  super io r  to  
CIE when they examined the sputum of p a t i e n ts  who had 
received a n t i b i o t i c  the rapy .  Mayer,  Jan Ge ise le r  and 
Har r is  (1983)  used c o - a g g lu t in a t io n  to serotype  
pneumococcal ant igen in sputum, and detected ant igen in 
serum and u r in e .
Kaldor ,  Asznowicz and Buist  (1977)  improved the  
e f f i c i e n c y  of l a t e x  p reparat ions  f o r  the de te c t i o n  of  
pneumococcal ant igen and studies which used l a t e x  
p a r t i c l e s  sens i t i s ed  wi th pneumococcal a n t i s e r a ,  o ther  
than Omni serum, have shown th a t  l a t ex  a g g l u t i n a t i o n  and 
c o - a g g lu t in a t io n  are more s e n s i t i v e  than CIE (Di rks-Go  
and Zanen, 1978; Leinonen,  1980 ) .  C e r o s a l e t t i ,  Roghmann 
and Bent ley ,  (1985)  found t h a t  a commercial l a t e x  
suspension prepared from Omni serum detected  
pneumococcal ant igen in the serum and ur ine  or both of  
46% of  e l d e r l y  p a t i e n ts  wi th pneumococcal pneumonia 
compared wi th 15% detected by CIE.
CIE (Thompson and Wise, 1982) and l a te x  a g g l u t i n a t i o n  
(Thompson and Wise, 1983; Browne, Miegel  and S t o t t m e i e r ,  
1984) were e f f e c t i v e  f o r  the rapid i d e n t i f i c a t i o n  of  
pneumococci in blood c u l t u r e s .
However recent  studies have confirmed t h a t  
cerebrospina l  f l u i d  in fec ted  wi th S.pneumoniae may not  
contain s u f f i c i e n t  ant igen to be detected by co­
a g g l u t i n a t i o n ,  l a t e x  a g g lu t in a t io n  or CIE (Tompkins,  
1983; Ingram, Pearson and O c c h iu t i ,  1983; T i l t o n ,  Dias
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and Ryan, 1984) .
Enzyme-l inked immunosorbent assay (ELISA) has been 
shown to be 25 t imes more s e n s i t i v e  than CIELyHarding e t  
a l . (1979) and they demonstrated pneumococcal ant igen in 
a l l  CSF specimens obtained from ex per imenta l l y  in fec ted  
animals.  However, ELISA t e s t s  f o r  pneumococcal ant igen  
performed in a c l i n i c a l  labora to ry  were not successful  
(Sippel  e t  a l . ,1984 ) .
The s e n s i t i v i t y  of  ant igen de tec t ion  techniques varies 
with the q u a l i t y  of  ant iserum used (Leinonen,  1980) .  
Although Omni serum is the most widely  used source of  
pneumococcal ant ibody f o r  the de tec t io n  of pneumococcal  
ant ige n ,  i t s  value has been quest ioned (Tugwel l  and 
Greenwood, 1975; Kenny e t  a l . , 1972 ; M i l l e r  e t  a l . , 1978 ,  
Harding e t  a l . , 1979 ; Leinonen , 1980) .
Holmberg et  a l . (1985)  have developed an ELISA f o r  the  
de tec t io n  of C-polysacchar ide ant igen in sputum r a t h e r  
than t y p e - s p e c i f i c  an t igen.  They found t h a t  82% of  
sputa from which S.pneumoniae was i so la ted  were p o s i t i v e  
by ELISA.
1 . 3 . 5  Examination of  human serum f o r  pneumococcal  
ant ibody
Pneumococcal an t ibodies  were f i r s t  demonstrated by G 
and F Klemperer ( 1 89 1 ) .  They showed t h a t  the serum from 
p a t i e n ts  who had recovered from pneumococcal disease  
protected rabb i ts  against  i n f e c t i o n  wi th the  
pneumococcus. Neufeld and Handel (1910)  showed t h a t  mice
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were s i m i l a r l y  protected and demonstrated t h a t  
pneumococcal an t ibodies  were t y p e - s p e c i f i c .  In the 35 
years t h a t  fo l lo w e d ,  and before the in t ro du c t io n  of  
p e n i c i l l i n  f o r  the t reatment  of  pneumococcal d isease ,  
many workers used the mouse p r o t ec t ion  t e s t  as a guide  
to the in vivo a c t i v i t y  of  pneumococcal a n t i b o d ie s ,  but  
attempted to determine ant ibody a c t i v i t y  jjn v i t r o  by 
a g g lu t in a t io n  (F in land and S u t l i f f ,  1932) ,  p r e c i p i t a t i o n  
( H e id e lb e r g e r , Sia and Kendal l ,  1930) and opsonic index  
(Robertson e t  a l . , 1930) .  Chicker ing (1914)  found
pneumococcal ag g lu t i n i n s  in the blood of  most p a t i e n t s  
with lobar  pneumonia - a t  some stage of  the d isease .  
Blake (1918)  studied the development of  pneumococcal 
ag g lu t i n i n s  and p r e c i p i t i n s  in the blood of  p a t i e n ts  
with lobar  pneumonia. Subsequent studies  (F r a n c i s ,  1932;  
Heide lberger  and Kabat,  1936) showed t h a t  the  
a g g lu t i n a t i n g  and p r e c i p i t a t i n g  ant ibody in horse a n t i ­
pneumococcus serum was the same ant ibody and t h a t  this  
reacted wi th the pneumococcal capsular  po lysacchar ide .  
Heide lberger  and co-workers improved the method f o r  
performing the p r e c i p i t a t i o n  t e s t  which al lowed a 
q u a n t i t a t i v e  es t imat ion  of  ant ibody (H e i de l be rge r  and 
Kendal l ,  1929) and increased the s e n s i t i v i t y  
(He ide lberger  and Kendal ,  1935) and s p e c i f i c i t y
(He ide lberger  and Anderson, 1944) of  the r e a c t i o n .  They 
increased the s p e c i f i c i t y  of  the r ea c t ion  by removing
a n t i - C  polysacchar ide an t ibody ,  present  in almost a l l  
human sera ,  by absorpt ion wi th pneumococcal C-
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polysacchar ide before t e s t i n g  f o r  t y p e - s p e c i f i c  
p r e c i p i t i n s .
Morch (1943)  found t h a t  the pneumococcal capsular  
re ac t ion  and a g g l u t i n a t i o n  t i t r e  of serum from pa t i e n ts  
with pneumococcal disease was the same. Moreover,  she 
used the capsular  re ac t ion  to examine p a t i e n t s '  sera 
against  b a c t e r i a l  suspensions of a l l  pneumococcal t ypes ,  
in cases where b a c t e r i o l o g i c a l  diagnosis had not been 
made.
Most s t r a in s  of pneumococci produce,  in broth c u l t u r e ,  
a haemolysin which is an t ig en i c  and s p e c i e s - s p e c i f i c  
(Morch, 1946) .  However, ant i -pneumolysin t i t r e s  were not  
found to d i f f e r  s i g n i f i c a n t l y  in p a t i e n ts  wi th  
pneumococcal pneumonia when compared to p a t i e n t s  w i thout  
pneumococcal pneumonia ( Cole,  1914).
An i n d i r e c t  haemagglut inat ion technique (Baker ,  
Stashak and Pre sc o t t ,  1969) was used by Ammann and 
Pelger  (1972)  to determine ant ibody responses in 
p a t i e n ts  who had been immunised wi th pneumococcal  
vaccine.  Sloyer  e t  a l . (1974)  found an e x c e l l e n t
c o r r e l a t i o n  between the i n d i r e c t  haemagglut inat ion t e s t  
and the i n d i r e c t  immunofluorescence t e s t  f o r  
pneumococcal ant ibody in the serum of c h i l d r e n  wi th  
acute o t i t i s  media.
Schiffman and Austr ian (1971)  developed a r a d i o ­
immunoassay ( RIA) based on the Farr  technique and found 
t h a t  RIA was 1000 t imes more s e n s i t i v e  than the  
q u a n t i t a t i v e  p r e c i p t i a t i o n  t e s t  f o r  pneumococcal
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ant ibody.  Furthermore,  Schiffman e t  a l . (1980)  found a 
good c o r r e l a t i o n  between RIA and i n d i r e c t  
haemagglut inat ion .  Consequently RIA has been used 
ex te n s i v e l y  f o r  the de terminat ion  of pneumococcal  
ant ibodies  in pa t ie n ts  immmunised wi th pneumococcal  
vaccines (Kass,  1981) .  However, RIA requ i res  reagents  
and equipment which are ge ne ra l l y  not a v a i l a b l e  in 
d i agnost ic  l a b o r a to r i e s  and enzyme-l inked immunosorbent 
assay (ELISA) has been suggested as an acceptable  
a l t e r n a t i v e  (Berntsson,  Broholm and K a i j s e r ,  1978) .  
Recent studies have shown t h a t  ant ibody assays by ELISA 
c o r r e l a t e  wel l  wi th the r e s u l t s  obtained by RIA 
(Koskela and Leinonen,  1981; Pedersen, Henrichsen and 
Schi f fman,  1983) .
Antibody responses a f t e r  i n f e c t i o n  or va cc ina t ion  
render the host immune to subsequent i n f e c t i o n  by a 
homologous type prov id ing th a t  s u f f i c i e n t  ant ibody is 
a v a i l a b l e  to promote phagocytosis by polymorphonuclear  
neut roph i l  leucocytes.  Phagocytosis requ i res  
opsonisat ion by serum ant ibody and complement.  
Consequently an ant ibody assay which measures the  
opsonic a c t i v i t y  of  immune serum r e l a t e s  more c l o s e ly  to  
innate res is tance  of an in d i v id u a l  to systemic  
pneumococcal in f e c t i o n  (Giebink et  a l . , 1980) .  A few
studies have compared ant ibody responses wi th  
enhancement of t y p e - s p e c i f i c  opsonisat ion a f t e r  
vacc ina t ion and found t h a t  the te s t s  were comparable f o r
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some types but not f o r  others (Giebink e£ a l . ,1980;  
Bor to luss i  et_ a l . , 1981; Simberkoff  et  a l . , 1980;
Johansen and Pedersen,  1982) .
Pneumococci possess, in ad d i t ion  to t y p e - s p e c i f i c  
capsular  po lysacchar ide ,  a C-polysacchar ide ant igen  
which is s p e c i e s - s p e c i f i c .  Antibody to pneumococcal C- 
polysacchar ide is known to e x i s t  in most human sera  
(He ide lberger  and Anderson, 1944) .  Recent ly a n t i - C -  
polysacchar ide ant ibody in serum has been determined by
ELISA (Pedersen et  a 1 . , 1982; Gray, D i l lo n  and B r i l e s ,
1983; Holmberg, Krook and Sjogren , 1985) .
1 . 3 . 6 .  Examination of  sputum
The a b i l i t y  of an in d iv id ua l  to produce a sputum 
impl ies some abnormal process of the bronchopulmonary 
system and the c e l l u l a r  and n o n - c e l l u l a r  components are  
a r e f l e c t i o n  of the pa tho log ica l  process (Chodosh,  
1970) .  Unless samples are taken d i r e c t l y  from the
bronchi or lungs pa t ie n ts  wi th a lower r e s p i r a t o r y  t r a c t  
i n f e c t i o n  are in ves t iga ted  by the examinat ion of  
expectorated sputum - a heterogeneous m at e r i a l  which 
consists of an exudate from the lower r e s p i r a t o r y  t r a c t  
"contaminated" to a v a r i a b l e  ex ten t  by upper r e s p i r a t o r y  
and oral  secr e t i on s .  I t  has been suggested th a t  the  
r es u l ts  of sputum examinat ion are of l i t t l e  value in the  
management of a p a t i e n t  wi th chronic b r on ch i t i s  (May,  
1952 ; Lees and McNaught, 1959a) and t h a t  sputum
cu l tu res  are of no value in the diagnosis of
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pneumococcal pneumonia ( B a r re t t - C o n n o r ,1 97 1 ) .
Macroscopic examinat ion
The appearance of expectorated sputum var ies  wi th the  
patho log ica l  process.  Pa t ien ts  wi th pulmonary disease  
e . g .  t u b e r c u l o s i s ,  carcinoma or pulmonary embolus,  
produce blood stained sputum and p a t ie n ts  wi th pulmonary 
oedema produce copious f r o t h y  sputum which is whi te  or  
pink.  Rusty sputum which is viscous and s t i ck s  to  the  
specimen conta iner  is c h a r a c t e r i s t i c  of  lobar  pneumonia,  
whereas a p a t i e n t  wi th chronic b r on ch i t i s  w i l l  produce a 
mucoid sputum. Purulent  sputum which is t h ic k  and ye l low  
but is not viscous charac t e r ise s  b a c t e r i a l  i n f e c t i o n .  
However, macroscopic purulence is due not only to i n t a c t  
pus c e l l s  but also to deoxyr ibonuc leo -prote in  f i b r e s  
which are l e f t  when they lyse (Elmes and White,  1953) .  
Macroscopic assessment is misleading as an index of  
short  term changes in bronchia l  in f lammat ion .  
Furthermore M i l l e r  (1963)  found t h a t  2 observers  
obtained only 88% agreement using a scale 1 to  5 f o r  
purulence,  and suggested t h a t  a microscopic examinat ion  
f o r  pus would be more accurate .
Microscopic examinat ion
Chodosh (1970)  examined the c e l l u l a r  components of  
sputum mi cr oscop ica l l y  and i d e n t i f i e d  c e l l s  according to  
four  broad ca te g or ie s .
1. E x fo l i a t e d  c e l l s  from the bronchia l  ep i the l ium
2.  Cel ls  a r i s i n g  from pulmonary t i s su e
3.  Cel ls  o r i g i n a t i n g  from the blood stream
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4.  E x fo l i a t e d  c e l l s  from the mouth and nasopharynx
The numbers, type and c y to lo g ic a l  condi t ion of the  
bronchia l  e p i t h e l i a l  c e l l s  r e f l e c t  the ex ten t  of
abnormal i t y  o f  the _ bronchi  a. 1^ mucosa and t h e y  are
d i f f e r e n t i a t e d  in to  basal ,  i n te r m e d i a te ,  c i l i a t e  and
goblet  c e l l s .  Bronchial  e p i t h e l i a l  c e l l s  which are 
m etap las t ic  may be in d is t in g u is h a b le  from squamous
e p i t h e l i a l  c e l l s  from the buccal mucosa ( I r w i n  e t  
a l . , 1980) .  Furthermore the m a j o r i t y  of  bronchia l
e p i t h e l i a l  c e l l s  cannot be d is t ingu ished  frotn c e l l s  from 
the nasopharyx.  A lve o la r  macrophages (dust c e l l s )  in 
sputum are the best assurance t h a t  the m a te r ia l  has 
ar isen from the lower r e s p i r a t o r y  t r a c t .  However dur ing  
i n f e c t i o n  macrophages are replaced by pus c e l l s  which in 
turn are replaced by macrophages when the i n f e c t i o n
reso lves .
Numbers of squamous e p i t h e l i a l  c e l l s  in sputum are  
used to in d i ca te  the l eve l  of s a l i v a r y  contaminat ion  
which has occurred during expec tora t ion  and h e av i l y
contaminated specimens are not s u i t a b l e  f o r
b a c t e r i o l o g i c a l  examinat ion ( B a r t l e t t ,  1974; Murray and 
Washington, 1975; Heineman, Chawla and Lof ton,  1977) .
Gram-stained smear
Gram-stained smears of sputum can provide an e a r l y
in d ic a t i o n  of b a c t e r i a l  i n f e c t i o n ,  and pneumococci can 
be d is t ingu ished  from other  s t reptococci  by the  
capsular  re ac t ion  t e s t  ( M e r r i l l  e t  a l . , 1973) .  However,  
the accuracy of a Gram's s t a i n  f o r  i d e n t i f y i n g
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pneumococci in sputum can be improved by adopting  
c r i t e r i a  f o r  a p o s i t i v e  smear ( Rein et  a h ,  1978) .  These worker  
considered the Gram s t a in  p o s i t i v e  f o r  pneumococci when 
pneumococci predominate or more than 10 Gram-posi t ive  
l anceo la te  d ip lococc i  were seen per o i l  immersion f i e l d  
(X1000) .
Cul ture  of pneumococci
S.pneumoniae is i r r e g u l a r l y  d i s t r i b u t e d  throughout  the  
expectorated sputum of p a t i e n ts  wi th chronic b r o n c h i t i s  
and the d i s t r i b u t i o n  is not ne cessar i l y  associated wi th  
puru len t  areas (May, 1953 ) .  rK>/ recommended t h a t  5 areas  
should be sampled to achieve optimum recovery of the
organism. Rawlins (1953)  recognised t h a t  m u l t i p l e
sampling was unsu i tab le  f o r  ro u t ine  l a b o r a to r i e s  and 
demonstrated th a t  a s ingle  cu l tu re  from a homogenised 
sputum gave equ iv a len t  r e s u l t s .  These f in d in gs  were not
supported by other  workers who suggested t h a t
homogenisation was unnecessary providing t h a t  the  
cu l t u re  was taken from a puru len t  area or mucoid po r t io n  
of the sputum (Lees and McNaught, 1959b) and t h a t  a 
s u f f i c i e n t l y  large area was sampled ( A l l i b o n e ,  A l l i s o n  
and Zinnemann 1956) .  Massaro, Fedorko and Katz (1964)  
argued th a t  homogenisation of the whole sample would 
d i s t r i b u t e  upper r e s p i r a t o r y  b a c t e r i a  evenly throughout  
the specimen and since 5 . pneumoniae is a commensal of  
the nasopharynx in 30-70% of humans, depending on the  
season of the year  ( A u s t r i a n ,  1974) i t  would seem 
l i k e l y  t h a t  f a l s e  p o s i t i v e  cu l tu res  f o r  S.pneumoniae
might fo l lo w  as a r e s u l t  of  homogenisat ion.  B r u m f i t t ,  
Wil loughby and Bromley (1957)  i so la ted  S.pneumoniae from 
the sputum and t h r o a t  swab of  14 of  42 p a t ie n ts  whose 
companion bronchia l  swab was s t e r i l e  and confirmed th a t  
sputum is of ten contaminated from the nasopharynx by 
organisms I f a l s e l y  regarded as bronchia l  pathogens.
Methods f o r  reducing the amount of oropharyngeal  
contaminat ion have been suggested and include cu l t u re  of  
bronchia l  secret ions  asp i ra ted  at  bronchoscopy (Brown et  
a l . , 1954) ,  bronchia l  swabs (B r u m f i t t  e t  a l . , 1957; Lees 
and McNaught, 1959b; L a u r e n z i , Po t t e r  and Kass, 1961) ,  
t r an s t r a c h e a l  a s p i r a t i o n  (Pecora and Yegian,  1958 ;
Reis,  Levison and Kaye, 1974) and bronchoscopic  
protected a l v e o l a r  brush (Wimberley,  Fa l ing and 
B a r t l e t t ,  1979) .
An a l t e r n a t i v e  approach is to modify the way the  
sputum is processed to take account of  l i k e l y  oro­
pharyngeal  contaminat ion.  Mulder (1956)  suggested t h a t  
washing sputum wi th three  successive changes of  s a l i n e  
produced sputum cu l t u re  re s u l t s  which were as r e l i a b l e  
as cu l tu res  from bronchoscopy specimens, however 
Laurenzi  e t  a l . (1961)  found t h a t  5 to 9 s e r i a l  washings 
were necessary to e l i m in a t e  a pharyngeal  marker which 
was introduced in to the nasopharynx of p a t i e n ts  wi th  
chronic b r on c h i t i s  or bronchopneumonia. B a r t l e t t  and 
Finegold (1978)  developed a washing technique which used 
a continuous stream of  water  but suggested t h a t  the  
method was u n r e a l i s t i c  f o r  use in c l i n i c a l  l a b o r a t o r i e s .
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Q u a n t i t a t i v e  c u l t u r e  was suggested by Dixon and M i l l e r
(1965)  and is based on the hypothesis th a t  an organism
causing inf lammation of the bronchi or lungs w i l l  be
present  in sputum in g r e a te r  numbers than w i l l  organisms
which have s u p e r f i c i a l l y  contaminated the sputum during
passage through the pharynx.  I t  is ge ne ra l l y  accepted
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t h a t  more than 10 cfu/ml  of a p o t e n t i a l  r e s p i r a t o r y  
pathogen are s i g n i f i c a n t  (Monroe e t  a l . , 1969; Wilson
and M a r t i n , 1972 ) .
Pneumococcal ant igen in sputum
Spencer and Savage (1976)  examined the sputum from 
p a t i e n ts  wi th acute r e s p i r a t o r y  t r a c t  i n f e c t i o n s .  They 
found th a t  pneumococcal ant igen was always present  in 
sputum when S.pneumoniae was i so la ted  by c u l t u r e .  
Conversely,  pneumococcal ant igen was not detected in 
upper r e s p i r a t o r y  secret ions  of 22 pneumococcal c a r r i e r s  
with colds ( M i l l e r  e t  a l . , 1978) .  Congeni and Nankervis  
(1978)  found ant igen de terminat ion  on nasopharyngeal  
secret ions  d is t ingu ished  pa t i e n ts  wi th pneumonia from 
those who were c a r r i e r s .  Numerous repor ts  have confirmed  
t h a t  the de tec t ion  of pneumococcal ant igen in sputum was 
a more r e l i a b l e  index of pneumococcal i n f e c t i o n  than was 
c u l t u re  of S.pneumoniae. However they also found t h a t  
pneumococcal ant igen was present  in the sputum of  
pa t i e n ts  wi thout  pneumonia (Spencer and Savage, 1976;  
M i l l e r  e t  a l . , 1978; Downes and E l l n e r ,  1979) .
Consequently i t  was r e a l i s e d  t h a t  pneumococcal an t igen  
in sputum was not s p e c i f i c  f o r  pneumonia. However, E l -
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Refa ie  and Dulake (1975)  observed t h a t  a n t i b i o t i c  
therapy c leared pneumococcal ant igen from the sputum of  
p a t i e n ts  wi th chronic b r o n c h i t i s  more e f f e c t i v e l y  than 
from the sputum of pa t i e n ts  wi th pneumonia. They 
reasoned th a t  in fec ted  lung f l u i d  was the source of the  
p e r s is t i n g  an t igen .  Moreover they were able to  
demonstrate pneumococcal ant igen in lung t i s s u e ,  taken  
at post-mortem, which did not y i e l d  pneumococci on 
c u l t u re  despi te  h i s t o l o g i c a l  evidence of  pneumonia ( E l -  
Refaie e t  a l . ,  1976 ) .
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1 . 4 . PNEUMOCOCCAL INFECTION
1 .4 .1  H ab i ta t
Pneumococci are common in the upper r e s p i r a t o r y  t r a c t  
of  humans and between 40 and 70 per cent of  adul ts  carry  
one or more se ro lo g ic a l  types of  pneumococci in t h e i r  
nasopharynx ( A u s t r i a n ,  1974) .  In c h i l d r e n ,  pneumococci 
are more of ten  i s o la t ed  from cu l tu res  from the nasal  
passages than from t h r o a t  swabs, whi le  adul ts  g e ne r a l l y  
carry  pneumococci in t h e i r  th r o a t  (Webster and Hughes,  
1931) .  Rates of  pneumococcal c a r r i a g e  are h ighest  in 
pre-school  c h i l d r e n ,  and adul t  c a r r i e r s  are more o f ten  
found in households wi th pre-school  ch i l d re n  (Hendley e t  
a l . , 1975 ; K le in ,  1981) .  Car r i age of  pneumococci in both 
adul ts  and ch i ld ren  is lower during the summer months 
and the seasonal incidence of  pneumococcal c a r r i a g e  
p a r a l l e l s  t h a t  of  o ther  r e s p i r a t o r y  t r a c t  i n f e c t i o n s  
(Webster and Hughes, 1931) .  Since pneumococci form par t  
of  the upper r e s p i r a t o r y  t r a c t  f l o r a  of  a s i g n i f i c a n t  
propor t ion of  heal thy  people,  the presence of  
pneumococci in the r e s p i r a t o r y  secre t ions  of  i l l  
pa t i e n ts  cannot per se be used to i n d i c a t e  an 
assoc iat ion  between pneumococci and lower r e s p i r a t o r y  
t r a c t  i n f e c t i o n .
1 . 4 . 2 .  Upper r e s p i r a t o r y  t r a c t  i n f e c t i o n
Pneumococci from the nasopharynx can invade the middle  
ear  and sinuses and give r i s e  to acute o t i t i s  media,
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s i n u s i t i s  and puru len t  c o n j u n c t i v i t i s .  O t i t i s  media is  
the commonest pneumococcal i n f e c t i o n  in ch i ldren  and 71% 
of a l l  ch i ld re n  have at  l e a s t  one episode of  acute  
o t i t i s  media before they reach the age of th ree  ( K l e i n ,  
1981) .  The pneumococcal types associated wi th t h i s  
disease are the same as the types most commonly found in 
the upper r e s p i r a t o r y  t r a c t  of  c a r r i e r s  in t h i s  age 
group ( G r a y ,  Converse and D i l l o n ,  1979) .  Furthermore  
the type involved in the i n f e c t i o n  may have been ca r r i ed  
f o r  some t ime be fore ,  and continued to be c a r r i e d  
a f t e r  the episode of o t i t i s  media (A u s t r i a n ,  Howie and 
Ploussard , 1977 ) .
Pneumococcal c o n j u n c t i v i t i s  is seen in adu l ts  and 
ch i ld ren  but is rare  in neonates (Brook,  1980; Brook 
et  a l . , 1979 ) .  Pneumococci, i s o l a t ed  from eye swabs are  
of ten  nontypable because they lack a t y p e - s p e c i f i c  
capsular  polysacchar ide (Shayegani et  a l . , 1982) .
1 . 4 . 3 .  Lower r e s p i r a t o r y  t r a c t  i n f e c t i o n
I n f e c t i o n  of the lower r e s p i r a t o r y  t r a c t  usua l l y  
develops as a r e s u l t  of  v i r a l  i n f e c t i o n  of  the upper  
r e s p i r a t o r y  t r a c t .  An increase in mucooi secret ions  in 
the nose and pharynx enhance the r i s k  of  a s p i r a t i o n  of  
pneumococci from the upper r e s p i r a t o r y  t r a c t .  In 
a d d i t i o n ,  an ae s t he t ic s ,  a lcohol  i n t o x i c a t i o n  and body 
c h i l l i n g  slow the e p i g l o t t a l  r e f l e x  and consequent ly  
promote a s p i r a t i o n .  Pulmonary oedema f l u i d  is  a 
s u i t a b l e  "c u l tu re  medium" f o r  as p i ra ted  pneumococci and
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prevents phagocytosis of  b a c te r i a  by pulmonary 
macrophages. In h a la t i o n  of  i r r i t a n t  chemicals,  trauma to  
the th or ax ,  card iac  f a i l u r e ,  v i r a l  i n f e c t io n s  of the  
lungs and pulmonary s t as i s  a l l  produce local  and 
genera l i sed  pulmonary oedema. Consequently the  
pneumococcus can set  up i n f e c t i o n  in a range of  
pa tho log ica l  processes which involve  the lower  
r e s p i r a t o r y  t r a c t .  These processes can be c l a s s i f i e d  
according to the s p e c i f i c  anatomical  s i t e  i n i t i a l l y  
i nvolved.
Pneumonia
Pneumonia is def ined as an acute inf lammat ion of  the  
a lv e o l a r  spaces of  the lung.  Primary lobar  pneumonia is 
due to pathogenic micro-organisms t h a t  reach the lower  
r e s p i r a t o r y  t r a c t  v ia  the airways and i n i t i a t e  i n f e c t i o n  
in a prev ious ly  heal thy  i n d i v i d u a l .  The pneumococcus, 
p a r t i c u l a r l y  the lower numbered types ,  account f o r  80-  
90% of  primary lobar  pneumonia. Studies of  the e v o l u t io n  
of the lung les ion in human pneumococcal pneumonia and 
in exper imental  i n f e c t i o n  in ra ts  have shown t h a t  the  
i n f e c t i o n  process can be d iv ided in to  th ree  phases.  The 
a l v e o l i  become f i l l e d  wi th a c e l l u l a r  serous f l u i d  which 
serves as a c u l t u r e  medium f o r  the organisms and 
al lows the pneumococci to spread to ad jacent  areas of  
the lung.  Polymorphonuclear ne u t roph i l  leucocytes and a 
few e ry th rocy tes  begin to accumulate and e v e n t u a l l y  f i l l  
the a l v e o l i  : t h i s  r e s u l t s  in conso l ida t ion  ( F i g .  I V ) .
Once the polymorphs have completed phagocytosis o f  the
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Figure I V :
X-ray of  l e f t  lower lobe conso l ida t ion
C o u r t e s y  of  t h e  s l i d e  c o l l e c t i o n ,  De p a r t me n t  
B a c t e r i o l o g y ,  Royal  I n f i r m a r y ,  Gl asgow.
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pneumococci, a l v e o l a r  macrophages, which remove c e l l u l a r  
d e b r is ,  replace the polymorphs and the les ion reso lves .  
When the process involves a l v e o l i  under the p l e u r a ,  
p l eu r is y  develops and the p l eur a l  ca v i t y  o f ten  becomes 
i n f e c t e d .  I f  unchecked by the body c e l l u l a r  and humoral  
defences,  empyema can r e s u l t  and the adjacent  
per icardium may also be a f f e c t e d .
Bronchopneumonia is a patchy conso l ida t ion  of  the  
lungs as opposed to the conso l ida t ion  of a whole lobe 
c h a r a c t e r i s t i c  of lobar  pneumonia. The inf lammation may 
a f f e c t  the wa l ls  of  the bronchi and bronchioles leading  
to inf lammation of the support ing i n t e r s t i t i u m  of the  
lung ( i . e .  i n t e r s t i t i a l  pneumonia).  Bronchopneumonia is  
usual l y  secondary to b r on c h i t i s  or chronic i l l n e s s e s  
such as d i ab e te s ,  anaemia or carcinoma. P os t - op er a t i v e  
and pos t - t ra um at i c  pneumonias are of t h i s  t y pe .  The 
d i s t r i b u t i o n  of pneumococcal types involved in 
bronchopneumonia resembles the type d i s t r i b u t i o n  found 
in heal thy  c a r r i e r s ,  r a th e r  than the v i r u l e n t  types  
which are associated wi th lobar  pneumonia.
Exacerbat ion of chronic o b s t r uc t iv e  airways disease  
(COAD)
COAD is a progressive d i sorder  of  the lower  
r e s p i r a t o r y  t r a c t  characte r ised anatomica l ly  by e v e r -  
increas ing inf lammatory d e s t r u c t i v e  changes of  the  
bronchial  mucosa and d i s s o lu t io n  of a lv e o l a r  septae .  
Acute exacerbat ions of chronic b r o n c h i t i s  are  
characte r ised by f e v e r ,  increased breathlessness and the
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product ion of a puru len t  sputum. In f e c t io n  may occur  
spontaneously or fo l lo w i ng  a v i r a l  upper r e s p i r a t o r y  
t r a c t  i n f e c t i o n .  Pneumococci and Haemophilus in f luenzae  
are the commonest ba c t e r i a  i s o l a t ed  from the sputum in 
acute exacerbat ion of COAD. Calder  and Schonel l  (1971)  
found th a t  no p a r t i c u l a r  type of  pneumococcus 
predominated in p a t ie n ts  wi th chronic b r o n c h i t i s  and 
th a t  a large percentage of p a t i e n ts  ca r r i ed  the same 
type f o r  long per iods desp i te  a n t i b i o t i c  t r ea tm e nt .
1 . 4 . 4 .  Pneumococcal i n f e c t i o n  of  o ther  body s i t e s
Men ing i t i s
Unl ike  meningococcal m e n in g i t i s ,  which is a sequel of  
co lon isa t i on  of the upper r e s p i r a t o r y  t r a c t  and of  
bacteraemia,  pneumococcal men ing i t i s  mainly a r i s es  in 
two d i f f e r e n t  ways. In some p a t i e n ts  i t  appears as a 
compl icat ion of pneumococcal pneumonia and bacte raemia,  
but in o the rs ,  mening i t i s  re s u l t s  from a progress ive  
i n f e c t i o n  o r i g i n a t i n g  in the paranasal  s inuses,  middle  
ear  or a f t e r  f r a c t u r e  of  the s k u l l .  In a 10 year  study 
i nvo lv ing more than 600 cases,  Davey e t  a l .  (1982)  found 
t h a t  meningococci and H . in f lu e nz ae  were more common than 
pneumococci in mening i t i s  in pa t i e n ts  less than 25 years  
of age, but pneumococci predominated in o lder  p a t i e n t s .  
They also found th a t  pneumococcal me n in g i t i s  had a high 
m o r t a l i t y  ra te  (30%).
P e r i t o n i t i s
Primary pneumococcal p e r i t o n i t i s ,  or p e r i t o n i t i s
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fo l lo w i ng  bacteraemia were amongst the most ser ious  
acute abdominal emergencies in ch i ld ren  in the p r e ­
a n t i b i o t i c  e r a .  McCartney and Fraser  (1921)  reported  
th a t  primary pneumococcal p e r i t o n i t i s  was only found 
in female c h i l d r e n ,  whereas p e r i t o n i t i s  in male and 
some female c h i l d r e n ,  was secondary to in f e c t i o n  in 
another body s i t e  such as the lungs or p le ur a .  They 
showed t h a t  i n f e c t i o n  of the pe r i t on ea l  ca v i t y  in female  
ch i ld ren  o r i g i n a t e s  in the g e n i t a l  t r a c t .  Pneumococci 
have been found in acute a p p en d ic i t i s  compl icated by 
secondary p e r i t o n i t i s  ( H e l tb e r g ,  Korner and Schouenborg,  
1984) .  Bergqvist  and Trovik (1985)  have reported 3 cases 
of neonatal  pneumococcal i n f e c t i o n  ( i . e .  two sept icaemia  
and one wound i n f e c t i o n )  in which c e r v ic a l  co lo n is a t io n  
was the l i k e l y  source of the pneumococcus in 2 of  the  
cases.
P e r i t o n i t i s  during pregnancy has been descr ibed  
(Nuckols and H e r t i g ,  1938) and rec e n t ly  Gruer ,  
Coll ingham and Edwards (1983)  have descr ibed  
pneumococcal p e r i t o n i t i s  associated wi th i n t r a - u t e r i n e  
cont racep t ive  device ( IUCD) .
Bacteraemia
Ear ly workers r e a l i s ed  the s i g n i f i c a n c e  of  bacteraemia  
in pneumococcal pneumonia. Cole (1902)  found t h a t  8 
pa t ie n ts  wi th bacteraemic pneumonia died compared wi th 4 
of 21 p a t ie n ts  wi thout  bacteraemia.  Ti lghman and Finland  
(1937)  found t h a t  f o r  each type of pneumococcus, the  
death r a te  in cases wi th bacteraemia was twice  or more
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t imes as high as in cases wi thout  bacteraemia.
Aust r i an (1981)  has suggested t h a t  pneumococcal 
bacteraemia develops in one of th re e  ways:
1 )Pneumococci w i th in  the pulmonary parenchyma, or at  the  
medias t ina l  lymph nodes can pass in to  the c i r c u l a t i o n  
via  the th or ac ic  duct and the l e f t  subclavian vein -  
bacteraemia as a sequel to lobar  pneumonia may spread to  
the endocardium, per ica rd ium,  meninges, peri toneum or 
j o i n t  c a v i t i e s .
2)  Invasion of the subarachnoid space may be fo l lowed by 
passage of pneumococci through the arachnoid v i l l i  i n to  
the ce rebra l  venous sinuses.  Austr i an (1964)  has shown 
t h a t  bacteraemic m en ing i t i s  was of ten  f a t a l ,  whereas no 
f a t a l i t i e s  were found in a group of p a t i e n t  wi th  
mening i t i s  wi thout  bacteraemia.  In ad d i t ion  he found
t h a t  men ing i t i s  as a sequel to pneumococcal pneumonia
had a high f a t a l i t y  r a t e .
3)  Pneumococci can en ter  the c i r c u l a t i o n  in the same way 
as other  capsulated ba c te r i a  v ia  the c e rv ic a l  lymphat ics  
and th or ac ic  duct as a sequel to c o l o n i s a t i o n ,  but in 
the absence of apparent upper r e s p i r a t o r y  t r a c t  
i n f e c t i o n .  Bacteraemia wi thout  an obvious focus of
i n f e c t i o n  is common in ch i ld ren  and has also been 
described in adul t  p a t i e n t s .  Furthermore i t  seems t h a t  
pneumococcal in fe c t io n s  of j o i n t s ,  in p a t i e n ts  wi th  no 
pulmonary i n f e c t i o n ,  develop as a r e s u l t  of  t r a n s i e n t  
pneumococcal bacteraemia and t h a t  these p a t ie n t s  lack  
ant ibody to the in d i v i d ua l  pneumococcus type respons ib le
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f o r  the i n f e c t i o n  ( A u s t r i a n ,  1981) .  In t h i s  respect  
these p a t i e n ts  resemble the ch i ld ren  in which t h i s  type  
of  bacteraemia was f i r s t  recognised.
1 . 4 . 5 .  Host defence mechanisms
Pneumococci, which are present  in the heal thy  
nasopharnyx,  presumably cause disease at  o ther  body 
s i t e s  of  the host as a r e s u l t  of  a de fec t  in the ho s t ' s  
defence mechanism. The nature of  the de fec t  is one 
f a c t o r  which determines the s i t e  and the s e v e r i t y  of  the  
i n f e c t i o n .
Mechanical  b a r r i e r s
The r e s p i r a t o r y  mucoc i l i a ry  system is the main way in 
which the r e s p i r a t o r y  t r a c t  prevents invasion by 
pneumococci res id en t  in the nasopharynx. In f e c t i o n s  of  
the r e s p i r a t o r y  t r a c t  are probably the r e s u l t  of  a 
phys io log ica l  de fec t  of  the mucoc i l i a ry  system which 
al lows access to pneumococci which have colonised the  
nasopharynx. The a b i l i t y  of  some s t r a in s  of  pneumococci  
to adhere to e p i t h e l i a l  c e i l s  ( Andersson, Svanborg-Eden 
and Hanson, 1982) and produce e x t r a c e l l u l a r  IgA 
protease (Mulks,  Kornfeld and P la u t ,  1980) may also  
help these organisms to r e s i s t  e l i m i n a t i o n .
Phagocytosis
Phagocytosis by macrophages and polymorphonuclear  
neut roph i l  ( PMN) leucocytes however is the pr imary host  
defence mechanism against  pneumococci.
A lveo la r  macrophages maintain  s t e r i l i t y  of  the
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a l v e o l a r  spaces by phagocytosis of b a c te r i a  th a t  escape 
the r e s p i r a t o r y  mucoc i l i a ry  system (Green and Kass,  
1964) .  However, encapsulated pneumococci r e s i s t  
i nges t ion by a l v e o l a r  macrophages and induce a rapid  
i n f i l t r a t i o n  of PMN leucocytes in to  the a l v e o l i  ( V i a l ,  
Toews and P i e r ce ,  1984) .  In v i t r o  studies have shown 
t h a t  f i x a t i o n  of C3b to pneumococci is requi red f o r  
e f f e c t i v e  phagocytosis by PMN leucocytes (Johnston e t  
a l . , 1969 ) .  The importance of a c t i v e  PMN leucocytes in 
host defence is supported by studies ca r r i ed  out in the  
p r e - a n t i b i o t i c  era which showed th a t  pneumococcal  
bacteraemia was common in neutropenic p a t i e n ts  (quoted 
by Howard, Strauss and Johnston , 1977) .  However,
provided t h a t  pneumococci are e f f i c i e n t l y  opsonised 
they can be k i l l e d  by d e f e c t iv e  ne u t roph i ls  such as 
those from p a t ie n ts  wi th chronic granulomatous disease  
which f a i l  to k i l l  ca ta lase  p o s i t i v e  b a c te r i a  such as 
staphylococci  and Gram-negat ive e n t e r i c  b a c t e r i a  
(Mandel l  and Hook, 1969) .
C - r e a c t i v e  p r o te in
T i l l e t t  and Francis (1930)  found t h a t  the serum 
obtained from p a t ie n ts  during the acute phase of  lobar  
pneumonia p r e c i p i t a t e d  a d i l u t e  so lu t ion  of pneumococcus 
C-polysacchar ide and, when s e r i a l  samples were tes ted  
from the p a t i e n t ,  the p r e c i p i t a t i o n  re ac t ion  c l o se ly  
p a r a l l e l e d  the c l i n i c a l  course of i n f e c t i o n .  They also  
found t h a t  the serum from p a t i e n ts  wi th o ther  
i n fe c t io n s  such as rheumatic f e v e r ,  i n f e c t i v e
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en do car d i t i s  and stapnylococcal  o s t e o m y e l i t i s ,  had the  
same pro per ty .  Abernethy and Avery (1940)  found th a t  the  
r e a c t i v e  component was contained in the albumin f r a c t i o n  
of serum and ca l l ed  i t  C - r e a c t i v e  p rote in  (CRP).
I t  is now known t h a t  CRP is a b e ta - g lo b u l i n  which is 
synthesised by hepatocytes (Hur l imann,  Thorbecke and 
Hochwald, 1966) and binds to a wide range of  c e l l u l a r  
products such as l i p i d s ,  phosphol ip ids ,  po lycat ions  and 
polyanions.  These products probably o r i g i n a t e  from 
damaged t i s su e  and are removed from the c i r c u l a t i o n  by 
binding to  CRP.
The complex formed by C - r e a c t i v e  p r o t e i n  wi th  
pneumococcal C-polysacchar ide can f i x  the f i r s t  
component of the complement sequence (Kaplan and
Volanak is ,  1974) and i n i t i a t e  phagocytosis of the
pneumococci.  This may then cause a c t i v a t i o n  of the  
c l a s s i c a l  complement pathway, in the pre-ant ibody phase 
of pneumococcal i n f e c t i o n  (Johnston,  1981).
Complement
The i n i t i a l  studies on the r o l e  of complement as an 
opsonin in pneumococcal i n f e c t i o n  were c a r r i e d  out by 
Ward and Enders (1 93 3 ) .  Although Gram-posi t i ve b a c t e r ia  
are not suscept ib le  to the l y t i c  ac t ion of complement,  
pneumococci can a c t i v a t e  complement d i r e c t l y  and 
i n d i r e c t l y  to produce o p s o n i c a l l y - a c t i v e  C3b. C3b is
necessary f o r  the at tachment of pneumococci to
PMN leucocytes and non-act ivated macrophages, whereas
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ant ibody ( IgG) is responsib le  f o r  ingest ion ( Mantovani ,  
1975) .  Recent studies have shown t h a t  C5 and C5a play an 
important  ro le  in producing pulmonary inf lammation in 
mice (Toews and V i a l ,  1984) and cause accumulat ion of  
PMN leucocytes in the ce rebrospina l  f l u i d  of ra bb i ts  
i n fec ted  wi th pneumococci.  (Ernst  e t  a l . , 1984).
The c la s s i c a l  pathway may be ac t i v a te d  by the  
i n t e r a c t i o n  of C - r ea c t i v e  p ro t e in  wi th c e l l  wal l  C- 
polysacchar ide o r ,  in the immune host ,  by the  
i n t e r a c t i o n  of  pneumococcal ant ibody wi th the capsular  
polysacchar ide.  However, Coonrod and Rylko-Bauer(  1977 ) 
found in most instances. t h a t  human pneumococcal a n t i -  
capsular  ant ibody f a i l e d  to f i x  complement. They 
suggested t h a t  not a l l  classes or subclasses of
antibody - produced in response to pneumococcal capsular  
polysacchar ide - f i x  complement. This has been found 
with polysacchar ides of both in f luenzae  type b and
Neisser ia  m e n i n g i t i d i s . I t  is known t h a t  human IgG
ant ibody to polysacchar ides is predominately I g G2 
(S iber  et  a l . , 1980) and an t ibodies  of t h i s  subclass do
not f i x  complement as e f f i c i e n t l y  as ant ibody of  
subclass IgG1 or IgG3 ( Spiege lberg,  1974) .  Pneumococci 
a c t i v a t e  the a l t e r n a t e  complement pathway in the
absence of ant ibody - a f a c t  th a t  may be important  in 
natura l  immunity.  The c e l l  wal l  t e i c h o i c  acid appears to  
play the major ro le  in a c t i v a t i o n  of the a l t e r n a t e  
pathway (Winke ls te in  and Tomasz, 1978) .  A number of  
studies have shown t h a t  in d iv id ua l  types of 5 . pneumoniae
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d i f f e r  in t h e i r  a b i l i t y  to a c t i v a t e  the a l t e r n a t e  
complement pathway ( F ine ,  1975; Stephens, Wi l l iams and 
Reed, 1977; W in ke ls t e in ,  Abramovitz and Tomasz, 1980) .  
Fine (1975)  found t h a t ,  in gene ra l ,  the more pathogenic  
t ypes ,  such as type 1 , 3 , 4  and 8 ,  f a i l e d  to a c t i v a t e  the  
a l t e r n a t e  complement pathway and suggested t h a t  t h i s  may 
c o nt r ib u t e  to t h e i r  v i r u l e n c e .  Stephens e t  a l . (1977)
concluded t h a t  the reac t io n  depended on the presence of  
Fc receptors on the capsular  polysacchar ide (Stephens e t  
a l . , 1974) .  W ink e ls te in ,  Bocchini  and Schiffman ( 1976)
showed th a t  capsular  polysacchar ide was not requi red  
since a c t i v a t i o n  of the a l t e r n a t e  pathway was i n i t i a t e d  
by non-capsulate pneumococcal s t r a i n s .  Later  they showed 
(Winke ls te in  and Tomasz, 1977; 1978) t h a t  the a l t e r n a t e  
pathway was a c t i va te d  by pneumococcal c e l l  wa l l s  and in 
p a r t i c u l a r  the c e l l  wal l  t e i c h o i c  ac id .  The same 
workers (Winke ls te in  et  a l . , 1980) suggested t h a t
since not a l l  pneumococcal serotypes a c t i v a t e  the  
a l t e r n a t e  complement pathway, t h e i r  capsular  m a t e r ia l  
may in some way i n t e r f e r e  wi th the a c t i v a t i o n  or  
f i x a t i o n  of  C3b to the c e l l  wal l  and th e r e f o r e  prevent  
opsonisa t ion .  The importance of  the complement system 
to opsonisat ion is ev iden t  by the l i f e - t h r e a t e n i n g  
pneumococcal i n f e c t i o n  so of ten  seen in p a t i e n ts  wi th  
congeni ta l  C3 de f ic ie nc y  or C3 d e f i c i e n c y  due to  a lack  
of C3b a c t i v a t o r .
The d i f f e r e n t  ways t h a t  pneumococci a c t i v a t e  
complement are shown in f i g u r e  V.
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Figure V_:
A c t i v a t io n  of  complement by pneumococci
CLASSICAL PATHWAY ALTERNATE PATHWAY
Pneumococcal 
Capsular polysacchar ide  
or
Pneumococcal 
C-polysacchar ide
Pneumococcal
C-polysacchar ide
Complement 
+ f i x i n g  
ant ibody
C - r e a c t i  ve 
+ pro t e in
I
C1 Cel l  wal l  
t e i  choic 
acid
C4 ,2
i
C3 P,C3b, Bb
anaphyla t i c  <------------------- C3a + C3b ->  opsonic
( C4, 2 , 3 b )
anaphylact ic  <
C5
i
  C5a + C5b ->  opsonic
i
polymorphonuclear ne u t r op h i l  chemotaxis
-1/
C6
C7
C8
C9
c e l l  l y s is  
( not pneumococci)
The ro le  of  the 1iv e r  and spleen
Both the l i v e r  and spleen can remove pneumococci from 
the c i r c u l a t i o n  by phagocytosis.  Experimental  i n f e c t i o n  
in animals has shown th a t  the f i x e d  macrophages in the  
l i v e r  c le a r  b a c t e r i a  from the blood when ant ibody is 
present ,  whereas the spleen is responsible  f o r  the  
removal of  small  numbers of  b a c te r i a  in the non-immune 
animal (Schulk ind ,  E l l i s  and Smith,  1967) .  The lack of  
receptor  s i t e s  f o r  C3b on sp len ic  macrophages may 
expla in  the d i f f e r i n g  r o l e  of  the spleen and l i v e r  in 
phagocytosis (Wara, 1981) .  In add i t ion  to  i t s  major  
r o l e  as a phagocyt ic organ,  the spleen produces s p e c i f i c  
ant ibody during the e a r l y  stages of  in f e c t i o n  when the  
ant igen is in p a r t i c u l a t e  form contained in b a c t e r i a l  
c e l l s .  I t  also produces components necessary f o r  the  
a c t i v a t i o n  of  the a l t e r n a t e  complement pathway 
(W ara ,1981) .
The s u s c e p t i b i l i t y  of  i n d i v i d u a l s ,  who are  
f u n c t i o n a l l y  or anatomica l ly  as p l e n i c ,  to pneumococcal 
i n f e c t i o n  is wel l  known. The r i s k  of  i n f e c t i o n  is 
s i g n i f i c a n t l y  g r e a te r  in p a t i e n ts  wi th an under ly ing  
disease invo lv ing  the r e t i c u l o - e n d o t h e l i a l  system and 
the young, than in p a t i e n ts  who undergo splenectomy 
because of  trauma (War a ,1981) .  Therefore splenectomy or  
f u n c t io n a l  asplenia  leaves the host wi thout  an e f f i c i e n t  
phagocyt ic mass and predisposes to bacteraemia.  P a t ie n ts  
with s i c k l e  c e l l  disease are also p a r t i c u l a r l y  
suscept ib le  to pneumococcal sept icaemia and m e n i n g i t i s .
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These p a t i e n ts  in ad d i t ion  to having a f u n c t io n a l  
asplenia  also e x h i b i t  d e f e c t i v e  opsonist ion by the  
a l t e r n a t e  complement pathway (Winkels te in  and 
Drachman, 1968) .  Phagocytosis by the l i v e r  is d e f e c t i v e  
in in fan ts  or immunocompromised pa t i e n ts  unable to  
form s p e c i f i c  ant ibody.
The presence of s p e c i f i c  ant ibody in humans, which can 
be induced by subcutaneous i n j e c t i o n  of pneumococcal 
ant igen when the spleen has been removed or is not  
fu n c t io n a l  (Ammann et  a l . , 1977) can compensate f o r  the  
lack of fu n c t io n a l  sp len ic  t i s s u e  by a l lowing  
phagocytosis by the l i v e r .
1 . 4 . 6 .  Host response to pneumococci
Early studies
Pneumococcal a n t i b od ie s ,  in the serum of  p a t i e n t s  
with pneumococcal pneumonia, were f i r s t  demonstrated by 
Klemperer and Klemperer ( 1 89 1 ) .  They found t h a t  the  
serum from p a t ie n ts  wi th pneumococcal pneumonia, a f t e r  
the c r i s i s ,  cured exper imental  pneumococcal i n f e c t i o n  in 
r a b b i t s .  Bezancon and G r i f fo n  (1900)  noted the presence  
of ag g lu t i n in s  in the blood of p a t i e n ts  s u f f e r i n g  from 
or convalescent  from lobar  pneumonia. Neufeld (1902)  
found a g g l u t in in s  in the serum of some p a t i e n t s  
recover ing from pneumonia and demonstrated both 
a g g lu t i n in s  and p r e c i p i t i n s  in convalescent  se ra .  His 
experiments ind ica ted  th a t  both reac t ions  were due to  
the same substance which d i f f e r e d  only in the way i t  was
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de tec ted .  Neufeld and Handel (1910)  demonstrated th a t  
immune sera and normal human serum protected mice from 
pneumococcal in f e c t i o n  and they bel ieved t h a t  the c r i s i s  
in lobar  pneumonia depended on the format ion of s p e c i f i c  
a n t i b od ie s .  Dochez (1912a)  found t h a t  p r o t e c t i v e  
antibody was not present  in the blood before the c r i s i s  
and suggested th a t  i t  played a par t  in the p a t i e n t ' s  
recovery from i n f e c t i o n .  Furthermore he found t h a t ,  in 
some cases,  p r o t e c t i v e  ant ibody became ev iden t  only  
some t ime a f t e r  the c r i s i s  i . e .  i t  could not be 
demonstrated at  any t ime during the d isease .  Eggers 
(1912)  showed, th a t  the serum of pneumonia p a t i e n ts  at  or  
s ho r t l y  a f t e r  the c r i s i s  was b a c t e r i c i d a l  f o r  the  
pneumococcus. Clough (1913)  demonstrated p r o t e c t i v e  
a n t i b od ie s ,  which were s p e c i f i c  f o r  the i n f e c t i n g  s t r a i n  
of pneumococcus, in the serum of the m a jo r i t y  of  
p a t ie n ts  a f t e r  the c r i s i s  and showed t h a t  phagocyt ic  
a c t i v i t y  corresponded wi th the a b i l i t y  of a serum to  
pro t ec t  mice inoculated wi th the same s t r a i n  of  
pneumococcus.
These e a r ly  studies were fundamental  to the c l i n i c a l  
studies which fo l lowed .
Immune response in pa t i e n ts  wi th lobar  pneumonia
The appearance of ag g l u t in in s  in the blood of  
pa t i e n ts  during the course of lobar  pneumonia was also  
studied by Chicker ing (19 14 ) .  He found a g g lu t i n i n s  in 
73.8% of pa t i e n ts  in fec ted  wi th Groups 1,11 and 1V 
pneumococci but not in severe and f a t a l  cases or in
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p a t i e n ts  wi th type 111 i n f e c t i o n .  He suggested t h a t  the  
absence of a g g lu t i n i n s  during the l a t e r  stages of  the  
disease may have unfavourable prognost ic  s i g n i f i c a n c e .  
Clough (1919)  confi rmed Ch i cker ing 's  f ind ings  and found 
t h a t  p a t i e n ts  who f a i l e d  to develop ag g l u t in in s  in t h e i r  
blood succumbed to the i n f e c t i o n .  Blake (1918)  
i nv es t ig a t ed  the an t igen -an t ibody  balance in p a t i e n t s  
with lobar  pneumonia. On a day- to-day  basis ,  he examined 
blood c u l t u r e s ,  determined the concent rat ion  of  
"pneumococcus so luble  susbtance" in serum and ur ine  and 
ca r r ie d  out t e s ts  f o r  p r e c i p i t a t i n g  and a g g l u t i n a t i n g  
ant ibody on the pa t ien ts -1 serum. He noted th a t  before  
or at  the t ime ag g lu t i n i n s  appeared in the serum,  
pneumococci disappeared from the blood.  P a t i en ts  who 
developed an excess of p r e c i p i t a t i n g  or a g g l u t i n a t i n g  
ant ibody r e l a t i v e  to ant igen in t h e i r  serum, i n v a r i a b l y  
recovered : those who showed a progressive  increase in
ant igen concentrat ion wi thout  the development of  
demonstrable ant ibodies  in the blood i n v a r i a b l y  d i ed .  
He also es tab l ished  a r e l a t i o n s h i p  between the presence  
of  ant igen in the u r ine  and the presence of
p r e c i p i t a t i n g  ant ibody in the blood : a l l  p a t i e n t s  who
f a i l e d  to excrete  ant igen in t h e i r  ur ine  developed  
p r e c i p i t a t i n g  ant ibody in t h e i r  blood at  or about the
t ime of  the c r i s i s  ; conversely a l l  p a t i e n ts  who
excreted ant igen during the disease f a i l e d  to develop  
p r e c i p i t a t i n g  ant ibody in t h e i r  blood.  Clough (1919)  
examined sera ,  from p a t i e n ts  wi th lobar  pneumonia, f o r
80
ag g lu t i n a t i n g  ant ibody and tes ted  them f o r  phagocyt ic  
a c t i v i t y .  He found t h a t  85% of  the sera had phagocyt ic  
a c t i v i t y  and demonstrated ag g lu t i n i n s  in 79%. L a te r ,  
Lord and Nesche (1929)  found t h a t  the re s u l t s  of  the  
a g g lu t i n a t i o n  t e s t  were not always in accord wi th the  
r es u l t s  of  mouse p ro te c t io n  t e s t s .  Baldwin and Rhoades 
(1925)  assayed p r o t e c t i v e  ant ibody in the sera of  
p a t ie n ts  recover ing from pneumococcal pneumonia. They 
noted t h a t  p r o t e c t i v e  ant ibody in serum usua l ly  showed 
an inverse r e l a t i o n s h i p  to the presence of  pneumococcal  
bacteraemia and was an important  f a c t o r  in overcoming 
the i n f e c t i o n .  However, the presence of  p r o t e c t i v e  
ant ibody did not always prevent  toxaemia or  the
development of compl ica t ions .  Lord and Persons (1931)  on 
the other  hand reported cases in which the p a t i e n t ' s  
recovery preceded the development of p r o t e c t i v e
ant ibodies  in the blood.
Pneumococcal an t ibodies  in normal human sera
Although pneumococcal an t ibodies  were o f ten  d e te c te d ,  
by a g g lu t in a t io n  and p r e c i p i t a t i o n  t e s t s ,  in the serum 
of pa t i e n ts  recover ing from pneumococcal pneumonia,  
these techniques f a i l e d  to de tec t  pneumococcal  
ant ibodies  in normal human sera (Ne uf e l d ,  1902;  
Wadsworth, 1903) .  However, Clough (1924)  confirmed
e a r l i e r  f in d i n gs  of  Neufeld and Handel (1910)  t h a t  
normal human sera may contain substances capable of  
pro te c t ing  mice against  in f e c t i o n  wi th s p e c i f i c  types of  
pneumococci. Later  studies showed t h a t  the
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pneumococcicidal  a c t i v i t y  was more s e n s i t i v e  than other  
t e s t s  such as a g g lu t in a t io n  and mouse p ro t ec t ion  in the  
de tec t ion  of  immune substance in normal human blood 
( S u t l i f f  and F in land,  1932) .  The leve l  of  na tura l  
immunity to pneumococcus types 1,11 and 111 was 
i nv es t ig a t ed  by Ward (1930)  and Robertson and Cornwell
( 1 93 0 ) .  They found t h a t  normal humans possessed a 
degree of  na tu ra l  immunity to pneumococci but
in d iv id u a ls  vary in the amounts of  pneumococcal
b a c t e r i c i d a l  substance demonstrable in t h e i r  blood f o r
the d i f f e r e n t  types of  pneumococci.  Furthermore S u t l i f f
and Finland (1932)  reported t h a t  the incidence of  
pneumococcicidal  a c t i v i t y  in human serum var ied wi th the  
age of  the su b je c t .  They summarised t h e i r  f i n d in g s  on 
the b a c t e r i c i d a l  a c t i v i t y  of  normal human blood f o r  
pneumococci of  types 1,11 and 111 as fo l lo ws ;
In the f i r s t  10 days a f t e r  b i r t h ,  the pneumococcicidal  
a c t i v i t y  of  the blood resembles th a t  of  the mother.  
I n fan ts  from 3 weeks to 15 months of  age have l i t t l e  or  
no pneumococcicidal  a c t i v i t y  in t h e i r  blood whereas,  
among ch i ld ren  2 to 11 years ,  t y p e - s p e c i f i c  an t ib od ies  
appear wi th considerable  frequency and may be the r e s u l t  
of chance exposure to pneumococci.  The highest  incidence  
of  pneumococcicidal  an t ibodies  was found in i n d i v i d u a l s  
19 to 39 years of  age and the incidence among adu l t s  39 
to 56 years of  age was less than in young a d u l t s .  They 
suggested t h a t ,  in whole blood,  d i f f e r e n c e s  in the  
incidence of  the b a c t e r i c i d a l  a c t i v i t y  f o r  pneumococci
82
in infancy and old age may be r e la t e d  to c l i n i c a l  
v a r i a t i o n s  in pneumococcal pneumonia, in d i f f e r e n t  
age groups. Robertson e t  a l . (1930)  examined the
r e l a t i o n s h i p  of na tu ra l  humoral ant i -pneumococcal  
immunity to the incept ion  of lobar  pneumonia using the  
pneumococcicidal  t e s t .  Contrary to e a r l i e r  f in d in gs  
(Dochez,  1912a) they demonstrated t h a t ,  in the m a jo r i t y  
of p a t i e n t s ,  the i n i t i a l  blood specimens ( taken 4 to  48 
hours a f t e r  onset of d isease)  possessed pneumococcicidal  
a c t i v i t y  and t h a t  there  was a r e l a t i o n s h i p  between the  
leve l  of a c t i v i t y  and the presence of pneumococci in the  
blood.  However they found no c o r r e l a t i o n  between the  
presence or l eve l  of blood pneumococcicidal  a c t i v i t y  and 
the ex ten t  of  the lung l es ion and concluded th a t  
c i r c u l a t i n g  ant ibody merely prevented blood invasion by 
dest roy ing pneumococci at  the per iphery of  the lung 
les io n .
Recent studies
Gwaltney et_ a l . ( 1975 ) used RIA to  measure
pneumococcal ant ibodies,  in normal in d iv id u a ls  who had
S.pneumoniae type 19 or 23 in t h e i r  nasopharynx.  They 
showed t h a t  the l eve l  of  homologous ant ibody to the type  
ca r r i ed  in the nasopharynx, was high in a d u l t s ,  whereas 
ch i ld ren  had low or undetectable  l e v e l s .  R i l e y  and 
Douglas (1981)  determined,  by RIA, the ant ibody response 
in pa t i e n ts  with bacteraemic pneumococcal pneumonia.  
They found t h a t  ant ibody was present  in acute phase sera  
of many of the p a t ie n ts  but more than h a l f  f a i l e d  to
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show an increase in ant ibody l eve l  during  
convalescence.  The r e s u l t s  of ant ibody determinat ion  in 
pneumococcal pneumonia by ELISA have d i f f e r e d  in two 
re po r t s .  Berntsson e t  a 1 . ( 1978 ) detected a s i g n i f i c a n t  
antibody response in 16 of 17 p a t i e n t s ,  whereas Kal in  
and Lindberg (1985)  detected a s i g n i f i c a n t  increase  
between acute and convalescent  sera in only 50% of  
p a t i e n t s .
Antagonis t ic  ac t ion of pneumococcal capsular  
polysacchar ide
Although pneumococcal capsular  polysacchar ide is non­
t o x i c  i t  can.enhance the invas ive  power of the i n f e c t i n g  
pneumococci by i n t e r f e r i n g  wi th host defence mechanisms 
or by blocking the reac t ion  between the capsule of the  
pneumococcus and the homologous ant ibody to prevent  
phagocytosis (Fe l ton  and B a i l e y ,  1926) .  Blake (1918)  
did not de tec t  c i r c u l a t i n g  ant ibody in p a t i e n ts  wi th  
capsular  polysacchar ide in t h e i r  serum nor in p a t ie n t s  
who excreted a l arge amount of ant igen in t h e i r  u r i n e .  
Coonrod and Drennan (1976)  found th a t  ant igenaemia was 
associated wi th bacteraemia in pneumococcal pneumonia 
and wi th delayed appearance of de tec tab le  an t ibody .  
Onyemelukwe e t  a l . (1985)  reported t h a t  some p a t i e n t s ,  
who had re ce n t l y  recovered from a severe pneumococcal 
i n f e c t i o n ,  f a i l e d  to produce pneumococcal an t ibod ies  
when given pneumococcal vaccine - possibly  i n d i c a t i n g  a 
suppressive e f f e c t  of  the i n f e c t i o n .
Dochez (1912b) demonstrated t h a t  the blood of p a t i e n t s
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in the acute phase of  lobar  pneumonia f a i l e d  to  
coagulate normal ly .  Recent ly ,  disseminated i n t r a v a s c u l a r  
coagulat ion (DIC)  has been recognised as a compl icat ion  
in p a t i e n ts  wi th fu lminant  pneumococcal bacteraemia and 
antigenaemia (Rytel  e t  a l . , 1974; Coonrod and Leach,
1976) .
DIC and immune complex format ion
Pneumococci and t h e i r  capsular  polysacchar ides e x e r t  
several  e f f e c t s  on c l o t t i n g  parameters v i t r o
(Guckian,  1975) .  Pneumococcal an t igen-an t ibody  complexes 
induce the re lease  of serotonin from human p l a t e l e t s  
which may play a ro le  Ln the thrombocytopenia and/or  
thromo-haemorrhagic compl icat ions accompanying
pneumococcal i n f e c t i o n  (Zimmerman and Sp iege lberg ,  
1975) .  Cronberg and Ni lsson (1970)  reported a case of  
pneumococcal sepsis wi th genera l i sed  Shwartzman 
r e a c t i o n .
Complement provides the l i n k  between pneumococci ( and 
pneumococcal an t igen-ant ibody complexes ) and de fec ts  in 
the coagulat ion mechanism. A c t iv a t io n  of  the a l t e r n a t e  
pathway by pneumococcal c e l l s  (W ink e ls te in  and Tomasz,  
1978) or of  the c la s s ic a l  pathway by complexes 
consis t ing of  pneumococcal C-polysacchar ide  and C- 
r e a c t i v e  p ro t e in  (Kaplan and Volanak is ,  1974) generate  
C3a and C5a. These pept ides can s t im u la te  mast c e l l s  to  
re lease  histamine and sero ton in .  This aspect of  
pneumococcal a c t i v i t y  has been reviewed by Johnston 
( 1 981 ) .
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1 . 4 . 7 .  Treatment of  pneumococcal I n f e c t i o n
Before the pneumococcus was recognised as a common 
a e t i o l o g i c a l  agent in pneumonia, the standard t reatment  
f o r  pa t i e n ts  wi th the disease consisted of f requent  
bleeding and purging and the ad m in is t ra t i o n  of  
chemicals,  such as bor ic  ac id .  D i g i t a l i s ,  s t ryc hn ine ,  
alcohol  and adrenal in  were given to prevent  card iac  
f a i l u r e  due to the toxaemia which f r e q u e n t l y  occurred as 
a consequence of i n f e c t i o n .  S p e c i f i c  t rea tments  f o r  
pneumococcal pneumonia were f i r s t  developed during the  
e a r l y  pa r t  of the tw e nt ie th  century .
Chemotherapy
Optochin.  Morgenroth and Levy (1911)  found t h a t  
ethylhydrocupre in  (o p to c h i n ) ,  which is a d e r i v a t i v e  of  
qu in i ne ,  protected mice from exper imental  pneumococcal  
i n f e c t i o n .  A number of studies in which optochin was 
used to t r e a t  p a t i e n ts  wi th pneumococcal pneumonia were 
reported during the 25 years which fol lowed the i n i t i a l  
observa t ion .  However Moore and Chesney (1917)  reviewed 
the e a r ly  l i t e r a t u r e  in which optochin was used to t r e a t  
787 p a t i e n ts  and found t h a t  4.5% of  p a t i e n ts  developed  
temporary deafness and b l indness .  In some cases optochin  
t rea tment  was associated wi th permanent bl indness and
they demonstrated a 20 fo ld  increase in res is tan ce  of  a 
s t r a i n  of pneumococcus i so la ted  from a p a t i e n t  t r e a t e d  
with optochin.  Later  Moore and Chesney (1918)  suggested
t h a t  optochin did not prevent  or cure pneumococcal
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bacteraemia.
Sul fonamides.  Su l fan i l ami de  was the f i r s t  
t h e r a p e u t i c a l l y  e f f e c t i v e  d e r i v a t i v e  to achieve wide­
spread use ( F in land ,  1979) .  Although i t  was h igh ly  
e f f e c t i v e  against  haemolyt ic  s t reptococcal  i n f e c t i o n ,  i t  
was not as successful  in pneumococcal pneumonia.  
S u I f a p y r i d in e  and s u l f a t h i a z o l e  were found to be more 
e f f e c t i v e  and, al though i n i t i a l l y  used in combination  
with t h e r a p e u t i c  pneumococcal ant iserum,  they e v e n t u a l l y  
replaced s p e c i f i c  serum therapy f o r  the t rea tment  of  
pneumococcal pneumonia (F in land 1979) .  Kneeland and 
Mul l iken ( 1 94 0 ) ,  in two papers,  compared the e f f e c t  of  
these sulfonamides on the development of pneumococcal  
p r e c i p i t a t i n g  and a g g lu t in a t in g  ant ibodies  in p a t i e n ts  
with pneumococcal pneumonia. They found t h a t  80% of  
pa t i e n ts  t r e a te d  wi th s u I f a p y r i d i n e  recovered wi thout  
the appearance of ant ibodies  in t h e i r  serum whereas in 
those t r e a te d  wi th s u l f a t h i a z o l e , 80% had an t ib od ies
present  in t h e i r  serum at  the t ime of c r i s i s .  They 
concluded t h a t  s u l f a p y r i d i n e  was a more powerful  a n t i -  
pneumococcal agent than s u l f a t h i a z o l e .  Treatment wi th  
sulfonamides was of ten associated wi th s i d e - e f f e c t s  
such as f e v e r ,  rashes and blood dyscras ias .  Furthermore,  
cases in which there  was a recurrence of pneumonia due 
to  the same type of pneumococcus and increased  
res is tance to the drug were reported (L ow e l l ,  Strauss  
and F in land ,  1940) .
P e n i c i l l i n  f i r s t  became a v a i l a b l e  in 1940 and was
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shown to be very e f f e c t i v e  f o r  the t reatment  of  
pneumococcal pneumonia caused by a l l  types of  
pneumococci. C l i n i c a l  improvement was rapid and s ide -  
e f f e c t s  and res is tance  were not repor ted .  Moreover,  
pneumococci were e l im ina ted  from the sputum in 50% of  
p a t ie n ts  w i th in  48 hours (Meads elt a 1 . , 1945) in
contrast  to the r es u l ts  of Goodwin, Wilcox and Finland  
(1945)  who showed th a t  sul fonamide did not r e a d i l y  
c le a r  pneumococci from sputum. P e n i c i l l i n  is s t i l l  the  
a n t i b i o t i c  of  choice in p a t i e n ts  wi th pneumococcal  
pneumonia and i t  is u n l i k e l y  t h a t  another agent w i l l  be 
discovered to which the pneumococcus is as s e n s i t i v e  
(A u s t r i a n ,  1981) .  However, an increase in the number of  
pneumococcus s t ra in s  which are moderately r e s i s t a n t  to  
p e n i c i l l i n  has been reported in the United Kingdom (CDS 
86 /07 )  although the incidence of  p e n i c i l l i n  re s i s ta n c e  
among s t ra in s  of  pneumococci associated wi th i n f e c t i o n  
is very low (Gransden, Eykyn and P h i l l i p s ,  1985) .  
Te t r a c y c l i n e  and Erythromycin are as e f f e c t i v e  as 
p e n i c i l l i n  against  pneumococci al though res i s t an ce  and 
s i d e - e f f e c t s  are more common. Erythromycin can be used 
as an a l t e r n a t i v e  to p e n i c i l l i n  in p a t i e n ts  who are  
a l l e r g i c  to the drug.
Treatment of  Chronic b r o n c h i t i s .  A n t i b i o t i c s ,  given in 
e i t h e r  long or short  courses,  do not a l t e r  the r a t e  of  
d e t e r i o r a t i o n  of  r e s p i r a t o r y  func t ion  or the f requency  
of exacerbat ion of b r o n c h i t i s  (C a l de r ,  Lutz and 
Schone l l ,  1968) .  However, they shorten the dura t io n  and
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se v e r i t y  of exacerba t ion .  Since exacerbat ions are 
commonly associated wi th \U_ i n f luenzae  -  wi th or wi thout  
a pneumococcus - a m p i c i l l i n ,  amoxyc i l l i n  or t e t r a c y c l i n e  
are the drugs most of ten  used f o r  t r e a t i n g  pa t ie n ts  
with chronic b r o n c h i t i s .  ( P ic k e r in g ,  1975),
Serum t rea tment
Although Klemperer and Klemperer (1891)  gave small  
subcutaneous doses of immune r a b b i t  serum to pa t i e n ts  
with pneumonia, f u r t h e r  developments in t h i s  f i e l d  were 
not made u n t i l  Neufeld and Handel (1910)  descr ibed  
m u l t i p l e  types of pneumococci.  Cole (1913)  c l a s s i f i e d  
pneumococci in to  types 1, 2,  3 and group 4 and
produced antiserum to types 1 and 2 in horses.  By 1929 
Cole had t r e a te d  371 pa t ie n ts  and reduced the f a t a l i t y  
r a t e ,  from an expected 25%, f o r  type 1 to  10.5%. Finland  
( 1 93 0 ) ,  in a f i v e  year  study,  found th a t  serum therapy  
reduced the m o r t a l i t y  ra te  in pa t i e n ts  wi th type 1 and 
group 4 pneumonia but the e f f e c t  of type 2 and type 3 
a n t is e ra  was less marked. Other workers produced 
th e r ap e ut ic  pneumococcal a n t is e ra  but did not achieve  
the same degree of success.  Fe l to n ,  in a se r ies  of  
repor ts  (c i t e d  in White,  1938; He f f ron ,  1939)  
demonstrated th a t  th e r ap e ut ic  an t i s e ra  could be
concentrated so as to r e t a i n  a l l  the ant ibody but
e l i m in a t e  most of the p ro te ins  responsib le  f o r  
h y p e r s e n s i t i v i t y .  He made and suppl ied a n t is e ra  to types  
1 and 2 and these were used in c l i n i c a l  t r i a l s  in the
United States and the United Kingdom. S u t l i f f  and
Finland (1931)  in the USA t r ea te d  adu l t  pa t i e n ts  wi th  
type 1 and Armstrong and Johnson (1932)  in the UK 
pa t ie n ts  with types 1 and 2 pneumococcal pneumonia. The 
re s u l t s  of these studies showed t h a t ,  in p a t i e n ts  
t r e a te d  wi th serum, c r i s i s  occurred e a r l i e r  and the  
disease was less severe provided th a t  t rea tment  was 
given on or before the 4th or 5th day.  The d i f f e r e n c e  in 
m o r t a l i t y  rates in pa t ie n ts  t r ea te d  wi th serum compared 
to those not given serum was g r ea te s t  f o r  p a t i e n ts  
t r ea te d  w i th in  the f i r s t  3 days a f t e r  the onset of  
symptoms ( S u t l i f f  and F in land ,  1931) .  Concentrated  
serum was prepared in horses,  and l a t e r  in r a b b i t s ,  f o r  
other  types commonly found in pneumococcal pneumonia.  
Finland and Brown (1939)  examined the e f f e c t  of  an t i s e ra  
to types 1 ,2 ,5  and 7 on m o r t a l i t y  ra tes  in pneumococcal  
pneumonia. They showed th a t  m o r t a l i t y  rates were reduced 
to one h a l f  of those amongst unt reated cases f o r  both 
bacteraemic and non-bacteraemic p a t i e n t s . I n  s p i t e  of  
these favourab le  r e s u l t s ,  serum therapy f o r  pneumococcal  
pneumonia was not u n i v e r s a l l y  accepted.  D i f f i c u l t i e s  in 
making an e a r l y  b a c t e r i o l o g i c a l  d iagnos is ,  cost of  the  
serum, lack of f a m i l i a r i t y  wi th the technique of g iv ing  
serum, undue f e a r  of reac t ions and un ce r t a in ty  as to  the  
value of the procedure cont r ibu ted  to the general  
re luc tance  of physi .cians to use serum therapy .
Attempts to t r e a t  pa t i e n t s  wi th pneumococcal pneumonia 
with the blood or serum obtained from p a t i e n t s  
convalescent from pneumococcal pneumonia of homologous
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type (Beebe and S u t l i f f ,  1930) or from normal persons 
fo l lo w i ng  t h e i r  immunisation wi th pneumococcal vaccine  
(Barach,  1931 ) have not been success fu l .  However, Siber  
et  a 1 . ( 1984) have prepared human hyperimmune g l o b u l i n ,  
to Haemophilus in f luenzae  type b, Streptococcus  
pneumoniae and Neisser ia  m e n i n i g i t i d i s  which cause 
serious i n f e c t i o n  in ch i l d r e n .  They suggested serum 
prophylaxsis  as an a l t e r n a t i v e  to vacc ina t ion in 
c h i l d r e n ,  under 18 months o ld ,  at  r i s k  from i n f e c t i o n  
and noted t h a t  i t  may be useful  in t r e a t i n g  overwhelming 
pneumococcal i n f e c t i o n .
1 . 4 . 8 .  Incidence of  pneumococcal types
Pneumococcal a n t i s e ra  were the only agents a v a i l a b l e  
f o r  the t reatment  of ser ious pneumococcal i n f e c t i o n  
before the in t ro du c t i o n  of modern a n t i b a c t e r i a l  th e r apy .  
Thei r  successful  use c l e a r l y  depended on the
a v a i l a b i l i t y  of  a simple and rapid method to determine
the type of the i n f e c t i n g  pneumococcus. Serotyping also  
provided va luable  ep idemiolog ica l  in format ion  which 
es tab l i shed th a t  pneumococcal lobar  pneumonia was a 
communicable disease whereas pneumococcal
bronchopneumonia was e s s e n t i a l l y  an autogenous
i n f e c t i o n .  Furthermore,  serotyping was of p r a c t i c a l
importance since knowledge of the i n f e c t i n g  
pneumococcus type was of prognost ic  value and al lowed  
c l i n i c i a n s  to d i f f e r e n t i a t e  those pa t i e n ts  who had a
recurrence of  i n f e c t i o n  from those who were r e - i n f e c t e d .
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With the in t ro du c t io n  of p e n i c i l l i n  and other  
a n t i b a c t e r i a l  agents which were highly  ac t i v e  against  
pneumococci i r r e s p e c t i v e  of t ype ,  there  was no longer  a 
need f o r  typing pneumococci on pure ly  c l i n i c a l  grounds.  
Recent ly ,  the re  has been a re-newed i n t e r e s t  in the use 
of pneumococcal vaccines to prevent  serious i n f e c t i o n  
and consequent ly typing has been re - in t roduced  in a 
number of bac te r io log y  l a b o r a t o r i e s .
The r e s u l t s  of typing pneumococcal s t r a in s  over the  
past th re e - q u a r t e r s  of a century , al though l im i t e d  by 
the range of typing sera a v a i l a b l e  at  any one t im e ,  
have shown t h a t  the incidence of d i f f e r e n t  d isease -  
producing types var ies  wi th t im e ,  geographical  area and 
with the age of the pa t i e n ts  s tudied .
Incidence of types 1 ,2 ,3  & group 4^
The incidence of pneumococcus types 1 ,2 ,3  and group 4 
reported from many parts  of the world from 1913 to 1935 
was analysed by Heff ron (1 93 9 ) .  In 16,813 cases of lobar  
pneumonia, pneumococcus type 1 was i so la te d  in 35.8%,  
type 2 in 20.6%, type 3 in 10.8% : pneumococci l i s t e d  as 
group 4 were found in 35.8% of cases. He noted t h a t  the  
incidence of type 2 var ied wi th the country of o r i g i n  
and at  d i f f e r e n t  t imes in the same country ,  whereas the  
incidence of type 1, which was usual ly  the predominant  
type in a l l  s tudies , remained e s s e n t i a l l y  unchanged.  
The incidence of type 3 also var ied geograph ica l l y  and 
studies in Glasgow by Grant (1922)  showed t h a t  the  
incidence of type 3 in lobar  pneumonia was 5.3%. A low
incidence of  type 3 in lobar  pneumonia was reported by 
other  workers in Great B r i t a i n  and in Scandinavia.  
C h r i s t i e  (1934)  compared the incidence of pneumococcal 
types in lobar  pneumonia during two epidemic periods of  
pneumonia and in f luenza  in Glasgow. In the lobar  
pneumonia period (February to June, 1932) he found t h a t  
the incidence of type 1 was 42%, type 2 was 36.6%, type  
3 was 1.8% and group 4 was 9.6%. However, during the  
i n f luenza  period (from December 1932 to January 1933)  
the frequency of pneumococcal types in lobar pneumonia 
changed so t h a t  the incidence of type 1 was 23.3%, type  
2 was 53.3%, type 3 was 11.7% and group 4 also 11.7%.  
Incidence of types 4 to 32
Typing sera f o r  pneumococcal types 4 to 32 became 
gen er a l l y  a v a i l a b l e  a f t e r  1932. Hef f ron (1939)  combined 
the r e s u l t s  of th ree American ser ies  to show the
approximate incidence of higher  types in lobar  pneumonia 
in ad u l t s .  In a t o t a l  of 3,713 cases he found t h a t  types  
1, 2 and 3 were s t i l l  the most common and accounted f o r
53.5% of cases. Types 5,  7 and 8 were next in order  of
frequency and when combined wi th the f i r s t  th ree  types  
accounted f o r  75.7% of the t o t a l  number of cases.  Types 
4 , 1 4 , 6  and 18 in th a t  order  were the next  most f r eq ue n t  
and accounted f o r  9.8% of cases. He concluded t h a t  types  
1 to 8 were by f a r  the most common types .  They were 
responsible  f o r  81% of the 3,713 cases whereas the
remaining tw en ty - th re e  types accounted f o r  only 19%. 
C h r i s t i e  (1934)  in Glasgow found th a t  53% of a small
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ser ies  of 53 s t r a in s  which belonged to group 4 could 
be typed wi th an t i s e ra  to types 4 to 32.  However, he 
included s t ra in s  i so la te d  from c h i l d r e n ,  adul ts  
convalescent  from pneumonia and heal thy c a r r i e r s .  
Studies which reported the incidence of pneumococcal 
types in pa t i e n ts  wi th bronchopneumonia were analysed 
by Heff ron (1 939 ) .  He found a marked d i f f e r e n c e  in the  
reported f i g u r es  of the combined incidence of types 1 
and 2 (10.6%) in bronchopneumonia compared to  t h e i r
incidence in lobar  pneumonia (over  50%). In a d d i t i o n ,  he 
noted t h a t  the frequency wi th which the var ious types of  
pneumococci . are found in bronchopneumonia broadly  
p a r a l l e l s  the frequency wi th which they are c a r r i e d  in 
the mouths of normal persons.  Hence in bronchopneumonia,  
types 3 , 8 , 1 0 , 2 0 , 1 8  and 7 in t h a t  order  were the most 
common types and accounted f o r  49.6% of cases.
In H e f f ro n ' s  analys is  of 2 ,745 cases of pneumococcal  
lobar  pneumonia in in fan ts  and c h i l d r e n ,  he found t h a t  
types 1 4 , 1 , 6 , 1 9 , 5 , 4 , 3  and 7 in descending order  of  
f requency accounted f o r  46.3% of the t o t a l  cases.  He 
found th a t  the occurrence of d i f f e r e n t  types var ied  wi th  
the age of the p a t i e n t .  In in fan ts  and young c h i ld re n  
under 2 or 3 years of age, type 14 predominated,  whereas 
in o lder  ch i ld ren  type 1 was the most common and types  
5,  7 and 14 were also f r eq u e n t .  He concluded t h a t  as the  
age increases,  the incidence of type 14 decreases wh i le  
the incidence of type 1 increases.  As can be seen from 
the f ig ur es  quoted above type 2 was a r e l a t i v e l y  ra re
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cause of lobar  pneumonia in c h i l d r e n .
Heff ron (1939)  summarised these e a r l y  studies of the  
d i s t r i b u t i o n  of pneumococcal types in adul ts  and 
ch i ldren  and t h is  is reproduced in Table 2.
Changes in the d i s t r i b u t i o n  of d i f f e r e n t  pneumococcus 
types over a per iod of some 40 years have been studied  
by Finland and Barnes (1977)  and Lund (1 97 0 ) .  Both 
studies noted a s h i f t  away in recent  years from the  
predominance of types 1, 2 and 3 i n f e c t i o n  and a sharp
dec l ine  in the f requency of types 2 and 5.  Lund (1970)  
noted a dec l ine  in type 1 i n f e c t i o n  in Denmark a f t e r
1955 and in type 2 i n f e c t i o n  as e a r l y  as 1937. Finland
and Barnes (1977)  noted t h a t  type 2 was not i s o la t ed  
a f t e r  1953 and s i m i l a r l y  type 5 markedly decreased a f t e r  
1967. However Mufson e t  a 1 . ( 1974 ) noted an outbreak  
of type 5 i n f e c t io n  in 1974 during an epidemic of  
i n f luenza  A.
In the 1930s, types 1, 2 and 3 caused t w o - t h i r d s  of
ser ious i n f e c t i o n  and no other  type accounted f o r  more 
than 8% of the i s o la t es  ( Ti lghman and F in land ,  1937) .  
Twenty years l a t e r  Austr ian and Gold (1964)  found t h a t  
types 1 and 3 formed only a qu ar te r  of the t o t a l  whereas 
types 4 , 7 , 8  and 14 accounted f o r  one t h i r d  of i s o l a t e s .  
Recent reports  ( Broome et  a l . , 1980 ; Colman and
H a l la s ,  1983) confirmed th a t  the pneumococcal types  
i so la t ed  from ser ious i n f e c t i o n  were more evenly  
d i s t r i b u t e d  in th a t  there  was less tendency f o r
predominance of only a few types .  They also demonstrated
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Table 2:
Pneumococcus lobar pneumonia and bronchopneumonia in 
infants and children and in adults. Types of pneumococci 
most commonly found
types most commonly found in 
order  of  approximate frequency
Lobar pneumonia
In fan ts  and ch i ld ren 1 4 , 1 , 6 , 5 , 7
Adults 1 , 3 , 2 , 5 , 8 , 7
Bronchopneumon ia
In fan ts  and ch i ld ren 6 ,1 9 ,1 8
Adults 3 , 8 , 1 0 , 2 0 , 1 8 , 7
Reproduced and adapted from Heff ron (1939)
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a d i f f e r e n c e  -  noted in e a r l i e r  years -  in the types  
causing i n f e c t i o n  in ch i ld re n  and adu l ts .
Pneumococcal vaccines
Austr i an and Gold (1964)  analysed the fa c to rs  which 
determined the outcome in 455 p a t ie n ts  wi th bacteraemic  
pneumococcal pneumonia. They found a m o r t a l i t y  r a t e  of  
17% among 437 p a t i e n ts  who had received a n t i m ic r o b ia l  
the rapy .  Furthermore they showed th a t  the f a t a l i t y  r a te  
in p a t i e n ts  over 50 years of  age was 28% : in p a t i e n ts
wi th a v a r i e t y  of  chronic systemic i l l n e s s  27% d ie d .  
Although unt reated pa t i e n ts  wi th bacteraemic  
pneumococcal pneumonia died more than 5 days a f t e r  the  
onset of  symptoms, 60% of  the deaths in p a t i e n ts  
rece iv ing  a n t i b i o t i c s  took place in t h i s  f i v e - d a y  
per iod.  Austr i an and Gold (1964)  also found t h a t  the  
m o r t a l i t y  ra te  of  type 1 bacteraemic pneumococcal  
pneumonia decl ined from 86%, in p a t ie n ts  who did not  
rece ive  p e n i c i l l i n ,  to 7% in those t r e a t e d  wi th  
p e n i c i l l i n  whereas the m o r t a l i t y  ra te  in type 3 
bacteraemic pneumococcal pneumonia f e l l  from 98% to  only  
48%.
As a r e s u l t  of  these f in d in g s  steps were taken to  r e ­
develop a po lyv a len t  pneumococcal vaccine composed of  
capsular  polysacchar ides .  Other studies  had also  
i d e n t i f i e d  groups of  pa t i e n ts  who might b e n e f i t  from 
vaccinat ion  such as pa t i e n ts  wi th s i c k l e  c e l l  anaemia.  A 
vaccine composed of  capsular  polysacchar ides of  
pneumococcus types 1 ,2 ,5  and 7 had been shown pre v io u s l y
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to be e f f e c t i v e  in prevent ing pneumonia caused by these  
types in a m i l i t a r y  populat ion (MacLeod elt a l . , 1945) .  
Austr ian e t  a l . (1976)  reported the r e s u l t s  of an e ig h t  
year  study of  the pneumococcal types i s o la te d  from blood 
cu l tu res  of 3,644 pa t i e n ts  of  which 14 types accounted 
f o r  82.5%. The p u r i f i e d  polysacchar ides of each of  these  
types Were prepared and combined to produce a po ly v a l en t  
vaccine which was l icensed in the United States in 1977.  
The vaccine consisted of the f o l lo w in g  types ( Danish 
nomenclature)  : 1 ,2 ,3 ,4 , 6 A ,7 F , 8 ,9N , 12F, 1 4 , 18C, 19F,23F
and 25.  The types w i t h in  groups 6 , 7 , 1 2 , 1 8 , 1 9  and 23 were 
chosen on the basis t h a t  these were the most commonly 
occurr ing types wor ld-wide and i t  was assumed t h a t  
immunisation wi th one type in a group would confer  a 
degree of p r o t ec t io n  f o r  the other  types w i t h in  the  
group.  Schiffman (1981)  determined the ex ten t  of  cross­
reac t ion  between d i f f e r e n t  types w i th in  groups.  He found 
t h a t  the p r o t e c t i v e  e f f e c t  of the vaccine would be 
improved i f  type 6B replaced type 6A but showed t h a t  the  
types w i t h in  groups 18 and 23 showed no ap prec iab le  
degree of c r o s s - r e a c t i v i t y .  Thus, the in c lus ion  of one 
type from each of the groups 18 and 23 would have to  be 
based on studies  of prevalence .  The c r o s s - r e a c t i v i t y  of  
types w i t h in  groups 9 and between types 19F and 19A was 
inves t iga te d  in c l i n i c a l  studies ( Szu e t  a l . , 1982 ;
Penn e t  a l . , 1982) .  On t h i s  basis types 9N and 9V were 
chosen from group 9 ,  and from group 19, types 19F and 
19A, should be included in the vaccine.  In 1985, the  14
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va l en t  pneumococcal vaccine was withdrawn and replaced  
by a new 23 va len t  fo r m u la t i o n .  This was devised on the  
basis of  both a d d i t io n a l  in format ion on the d i s t r i b u t i o n  
of pneumococcal types and the r e s u l t s  of  studies on the  
immunological  r e l a t i o n s h i p s  between d i f f e r e n t  capsular  
types : the subject  has been reviewed by Robbins e t  a l .
( 1983 ) .
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AIMS OF THE PRESENT STUDY
This in v e s t i g a t i o n  sets out to :
1. Assess c r i t i c a l l y  the methods c u r r e n t l y  used in the  
diagnosis of pneumococcal i n f e c t i o n .
2.  Develop techniques f o r  the de tec t ion  of pneumococcal  
a n t i g e n .
3.  Compare the s e n s i t i v i t y  and s p e c i f i c i t y  of  these
techniques.
4.  Apply these techniques in the i n v e s t i g a t i o n  of
pneumococcal r e s p i r a t o r y  disease.
5.  Extend the in v e s t i g a t i o n  to include ant igen
de tec t ion  in blood,  u r i n e ,  CSF and t i s s u e .
6.  Evaluate these f in d i n gs  f o r  the prognost ic  
eva lua t ion  and management of p a t i e n t s .
7. Use the same techniques to determine the prevalence
of pneumococcal serotypes to e s ta b l i s h  an 
ep idemio log ica l  base.
8 .  Cor re la te  the observat ions on the d i s t r i b u t i o n  of  
the organism and i t s  ant igens wi th studies on the  
ant ibody response to f u r t h e r  understanding of  the  
pathogenic mechanisms of pneumococcal disease.
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CHAPTER 2 
MATERIALS AND METHODS
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2 . 1 . LABORATORY MATERIALS
2 . 1 . 1 .  B u f f e r s
Phosphate buf fered s a l in e  pH 7 .2  (PBS)
Anhydrous disodium hydrogen phosphate (Na HPO ) :1.07g
2 4
Sodium dihydrogen phosphate(NaH PO .2H 0) :0.39g
2 4 2
Sodium ch lo r ide  :8.5g  
D i s t i l l e d  water  :1000ml
o
Barbi tone b u f f e r  pH 8 . 2  ( ionic  s t rength 0 .05  at  25 C)
B a r b i t u r i c  acid :3.44g
Sodium barbi tone :7.57g
Sodium azide : 1g
D i s t i l l e d  water  :1000ml
o
Barbi tone b u f f e r  pH 6 .6  ( i o n i c  s t rength 0.05 at  25 C) 
Solut ion A = 0 .2  molar sodium barbi tone ( 4 1 . 2g/ 1 )
Solut ion B = 0 .2  molar hydroch lor ic  acid ( 7 . 3m1 /1 )
37.5ml of so lut ion  A was added to approximately 60ml.  of  
so lut ion  B and the pH was adjusted to 6 .6  before making 
up to 100ml wi th d i s t i l l e d  water .
For use the b u f f e r  was d i l u t e d  1:4 (0.05M) wi th d i s t i l l e d  
water .
i
Glycine b u f f e r  sa l in e  pH 8 . 2  ( GBS)
Glycine :7.3g  
Sodium ch lor ide  :1Og 
D i s t i l l e d  water :900ml
The pH was adjusted to 8 .2  using 1M sodium hydroxide and 
the volume was made up to 1 l i t r e .
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Acetate b u f f e r  pH 4 .0
Solut ion A = G lac ia l  a c e t ic  acid :57ml / I  
Solut ion B = Anhydrous sodium aceta te  :82 g / l  
To 100ml of so lut ion  A approximately 20ml of so lu t ion  B 
was added and the pH was adjusted to 4 . 0 .  For use 6ml 
was d i l u t e d  to 100 m l .
Carbonate b u f f e r  pH 9 .6  
Disodium carbonate : 1.50g 
Sodium bicarbonate : 2.93g  
Sodium azide : 0.2g  
D i s t i l l e d  water  : 1000ml
Wash bu f f e r
Phosphate b u f f e r  sa l in e  pH7.2 conta in ing 0.05% 
( v/v ) tween 20.
D i l u t i o n  bu f f e r
Wash b u f fe r  conta in ing 0.25% (w/v )  bovine serum albumin 
and 0.01% (w/v )  sodium az ide .
Bacto FA b u f f e r  (D i fco  l a b o r a t o r i e s )
Dried FA b u f f e r ( 1 0 g )  was dissolved in 1000ml d i s t i l l e d  
water .
Mounting f l u i d  £  buf fered g l y c e r o l )
10ml of 0.5M carbonate : b icarbonate b u f f e r  pH 9 .0  
90ml g lycero l  ( reagent grade)
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2 .1 .2 .  Bacterial  strains
Lyophi l ised cu l tu re s  of Streptococcus pneumoniae types  
3 ,6A,7F ,8 , 9 L , 11A, 13 ,14 , 18C , 19F ,34 ,41A and 42 were k i n d l y  
provided by Miss C. F raser ,  Streptococcus Reference  
Laboratory ,  Centra l  Publ ic  Heal th Laboratory,  Col inda le  
Avenue, London NW9. and types 7A .7B ,7C ,9 A ,11F , 1 1C,12A,  
16A,17A,19B,19C,22A,23A,23B,33A,33B,33C and C-mutant  
s t r a i n  (CSR,SC S-2 clone 1) were k in d ly  provided by Dr.  
J.  Henrichsen,  WHO Co l la bo ra t ing  Centre f o r  Reference  
and Research on Pneumococci, Statens S e r u m i n s t i t u t , 
Copenhagen, Denmark.
S.pneumoniae types 1 , 2 , 4 , 5 , 2 0 , 2 1 , 2 5 , 2 7 , 2 9 , 3 1 , 3 6 , 3 7 , 3 8 ,  
48 and s t ra in s  belonging to m u l t i t y p e  groups 24 ,32  
and 35 were i s o l a t ed  from c l i n i c a l  m at e r ia l  and were 
typed by the capsular  re ac t ion  t e s t  at  the Bac te r io logy  
Department,  C i ty  H o s p i t a l ,  Edinburgh,  and types  
6B,9 N ,9V ,10 F ,10A ,11B,12F,15F ,15A ,15B,15C,16F,17F,18F,18A ,  
18B, 19A,22F,23F,28A and 33F,  also i s o la t ed  from c l i n i c a l  
m at e r ia l  were typed by the capsular  re ac t ion  t e s t  a t  the  
Statens S e r u m i n s t i t u t ,  Copenhagen.
2 .1 .3 .  Purif ied pneumococcal capsular polysaccharide
10mg o f  types 1 ,2 ,3 ,4 ,5 ,6A ,6B ,7F ,8 ,9N ,9 V , 10A, 11A, 12F , 14 ,
15B,17F ,18C ,19F ,19A,20 ,22F ,23F ,25  and 33F (Merck,Sharp
and Dohme L t d . )  were stored at  a concent rat ion  of
o
2mg/ml in phosphate buf fered s a l i n e  pH 7 .2  at  -20 C.
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2 .1 .4 .  Diagnostic pneumococcal antisera and reference 
serum
Five kinds of r a b b i t  pneumococcal a n t is e ra  were used.
★
A. Omni serum, which reacts  wi th a l l  83 known 
pneumococcal types .
B. Nine pooled sera (pools A to I ) ,  each re ac t ing  wi th
*
between 7 and 11 types and toge ther  included a l l  83 
types .
C. Ant isera  to types 2 , 5 , 3 9 , 4 3 , 4 4 , 4 5  and 46 and to  
groups 6 , 7 , 9 , 1 0 , 1 1 , 1 2 , 1 5 , 1 7 , 1 8 , 1 9 , 2 2 , 2 3 , 2 4 , 2 8 , 3 2 , 3 5  and 
47.
Ant ise ra  A to  C were obtained from the Statens  
S e r u m i n s t i t u t ,  Copenhagen.
D. Ant isera  to types 1 , 3 , 4 ,6 A ,6 B ,7 F ,7 A ,7 B ,7 C ,8 ,9 N , 9 A ,  
9V ,9 L , 10 F , 10 A ,11A ,11B ,12F ,12A ,13 ,14 ,15B ,16F ,16A ,17F ,17A ,  
18F,18A ,18B,18C ,19F ,19A ,19C ,20 ,21 ,22F ,22A ,23F ,23A ,23B ,
25 ,27 ,28A ,29,31 , 33F,33A ,33B,33C ,34 ,3 7 ,3 8 , 4 1  A ,42 ,48 and 
pneumococcal C-polysacchar ide were ra ised in r a b b i t s  at  
the Bac ter io logy  Department,  S t o b h i l l  H o s p i t a l ,  Glasgow 
as descr ibed on pages 117-119.
E) Factor  sera 9 g , 10b, 10c,11b ,11c , 1 1 f , 1 1g, 15b, 15c , 15 e , 
15h ,17b,  17c ,19f  and 33b were k in d ly  provided by Dr.  J.  
Henrichsen.
Factor  sera 6b ,6c ,7b ,7c , 7 e , 7 f , 9 b , 9 c , 9 d , 9 e , 9 g , 10b, 10c,
11b ,11c ,11f , 1 2 b , 1 2 c , 1 5 b , 1 6 b , 1 6 c , 1 7 b , 1 7 c , 1 8 c , 1 8 d , 1 8 e , 1 8 f  , 
1 9 b , 1 9 c , 7 h , 1 9 f , 2 2 b , 2 2 c , 2 3 b , 2 3 c ,  33b,20b,33c and 33f  were 
prepared here from type an t is e ra  by absorpt ion .
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A po ly va len t  serum, reac t ing  wi th pneumococcal types  
represented in the 23 va len t  pneumococcal vaccine and 
ant iserum to pneumococcal C-polysacchar ide ant igen were 
k ind ly  provided by Dr.  J.  Henrichsen.
* During the term of  t h i s  study Aust r i an (1985)  
descr ibed the i s o l a t i o n  of  a new serotype (Type 16A),  
br inging the number o f  descr ibed types to 84 .
Human refe rence  sera
Fooled human re fe rence  serum f o r  the s t a nd ar d i s a t io n  
of ant ibody de terminat ion  was k in d ly  provided by 
D r . E . A . F i t z g e r a l d , D iv i s i on  of Product Q u a l i t y  C o n t r o l ,
O f f i c e  of  Bio log ies  Research and Review Centre f o r  
Drugs and B io lo g i e s ,  Food and Drug A d m in i s t r a t i o n ,  
Bethesda,  Maryland,  U.S.A.
2 . 1 . 5 .  Cul ture media
Tryptone Soya Agar (Oxoid CM131) conta ining 5% horse  
blood (Gibco Europe) was used as the basal medium 
throughout  t h i s  study f o r  growth unless otherwise  
s p e c i f i e d .
Blood Cul ture Bot t l es
1) Casteneda b o t t l e s  ( Di fco Laborator ies  ) wi th  
t ryp tone  soya agar as the so l id  phase and t ryp ton e  soya 
broth as the l i q u i d  phase.
2)  “Bactec" b o t t l e s  6B (Johnston Labo ra t o r i es ,  Becton 
Dickinson)  f o r  use in the "Bactec" (model 460)
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inst rument .  Both b o t t l e s ,  conta in ing 30 ml of  b ro t h ,  
were inoculated wi th 5ml of  whole blood.
Tryptone soya broth (Oxoid CM 131) conta in ing 15% 
g lyce ro l  ( BDH) was prepared in 1m1 amounts in glass  
v i a l s  (Laboratory Sales (UK) Ltd.  code VV2)
Todd-Hewit t  broth (D i fco  0492-01 ) conta ining 5% horse 
serum (Gibco Europe 034-6050)  was prepared in 500 ml 
amounts.
CCY Medium ( Woodin m o d i f i c a t i o n )
Solut ion  A
casein hydrolysate :200g 
yeast  e x t r a c t ( D i f c o )  :50g 
sodium glycerophosphate : 10Og 
50% sodium l a c t a t e  :50ml
anhydrous disodium hydrogen phosphate (Na HPO :4g
2 4
Potassium dihydrogen phosphate(KH PO ) :2g
2 4
ammonium sulphate :5g
The reagents were d issolved in 3 l i t r e s  of warm 
d i s t i l l e d  water.
Solut ion B
DL-tryptophane :0.4g  
L-cys te ine  hydrochlor ide  :0.5g
The reagents were dissolved in 300ml of  warm d i s t i l l e d
water  and so lu t ion  A mixed wi th so lu t ion  B. D i s t i l l e d
water  ( 1 .7  l i t r e s )  and Davis agar (100g)  were added
before heat ing to d isso lve  s o l i d s .  A f t e r  d i s t r i b u t i o n
o
in 500 ml amounts the medium was autoclaved at  121 C f o r  
30mins.
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Vitamin Stock Solut ion  
th iamin : 0 . 2 g / l  
n i c o t i n i c  acid : 0 . 4 g / l
Trace Element Stock Solut ion
magnesium sulphate(MgSO . 7 H 0) : 2 g / l
4 2
manganese sulphate(MnSO .4H 0) :1g /1
4 2
fe rrous su lp h a te ( FeSO .7H 0) : 0 . 6 g / l
4 2
c i t r i c  acid :0.3g
Both so lut ions  were s t e r i l i s e d  by autoc lav ing and 5ml of  
each was added to 500ml of the s t e r i l e  basal  medium.
20ml of the complete medium was d i s t r i b u t e d  in to  100mm 
by 18mm p e t r i  dishes ( S t e r l i n ) .
2 . 1 . 6 . Preparat ion of S t a b i l i s e d  S taphy lo co cc i (Pr o t e in  A)
Staph .aureus s t r a i n  Cowan 1 (NCTC 8530)  was grown on
pla tes  of CCY agar ,  ov er la id  wi th d i a l y s i s  membrane
(Technicon par t  number 9 3 3 -0 22 5 -0 1 ) ,  and incubated at  
o
37 C over n igh t .  The b a c t e r i a  were harvested from the
membranes by a g i t a t i o n  in PBS, the suspension washed
twice  in PBS, and suspended in 0.5% formaldehyde in PBS
f o r  two hours at  room temperature .  The fo rm ol i n is ed
0
suspension was washed twice  in PBS, heated at  80 C f o r  
one hour,  washed a f u r t h e r  th ree  t imes in PBS, and 
resuspended at a concentrat ion of 10% ( v / v )  in PBS
conta ining 0.1% (w/v)  sodium az ide .
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2 . 1 . 7 .  Add i t iona l  m a te r i a ls  and reagents
S t e r i l e  disposable p l a s t i c  loops 1ul and 1Ou1 (Exogen 
L t d . ) .
Glass s l id es  76mm X 26mm and 76mm X 51mm (Chance propper  
L t d . )  and PTFE coated 76mm X 26mm ( Hendley-Essex) .  
Sputolysin ( d i t h i o t h r e i t o l , Behring D iagnost ics)  was 
prepared by d i l u t i n g  10ml of concentrate in 90ml of  
s t e r i l e  d i s t i l l e d  water .
L o f f l e r ' s  methylene blue was prepared by mixing 300ml of a 
saturated so lu t ion  of methylene blue in ethanol  and 
1000ml of  0.01% potassium hydroxide.
Aqueous*crystal  v i o l e t  so lu t ion  (0.5%)
Polystyrene monodispersed l a t e x  0.17u diameter  ( c a t .  
number 7304 Polysc iences , I n c . ) .
Bovine serum albumin,  22% pro t e in  concentrat ion (Ortho  
diagnost ic  systems).
Fluorescein l a b e l l e d  anti -human immunoglobulin (Wellcome 
reag ent s ) .
Urease conjugated sheep a n t i - r a b b i t  IgG (CSL) and Urease 
subst ra te  so lu t ion  (CSL) (Se ra -Lab ) .
Wellcogen S.pneumoniae l a t e x  t e s t  (Wellcome 
d i a g n o s t i c s ) .
Phadebact pneumococcus t e s t  (Pharmacia) .
API 20 Strep (API Systems SA).
0 .45  urn f i l t e r  u n i t s ,  M i l l ex -H A ,  c a t .  number SLHA 025BS.  
( M i l l i p o r e  (UK) Ltd.
D ia ly s is  membrane 8 / 3 2 “ (The S c i e n t i f i c  Instrument
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Centre L t d . ) .
M ic ro e l i s a  p l a te s  129A (Dynatech M ic ro e l i sa  systems).  
Limbro p l a t e  sealers  33.3 cm X 8 . 3  cm (Flow L a b o r a t o r i e s ) .  
St reptex  k i t  f o r  the i d e n t i f i c a t i o n  of s t rep tococc i  
(L an c e f ie ld  groups A,B,C,D,F and 6) and a n t is e ra  f o r  
Lance f ie ld  groups K and H were obtained from Wellcome 
Diagnost ics .
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2 . 2 .  CLINICAL MATERIAL AND PATIENTS
2 . 2 . 1  Pre l im inary  s tudies
C l i n i c a l  m at e r i a l  used in p r e l im in ar y  studies was
obtained from p a t i e n ts  admit ted to hosp i ta l  between
January 1982 and June 1984.
Sputum specimens
Three hundred and eleven samples were studied from
adu l t  pa t i e n ts  wi th acute community-acquired pneumonia
admit ted to  hosp i ta l  during a prospec t ive  study
conducted in 27 ho sp i ta ls  throughout  the UK between
November 1982 and December 1983. The specimens were
o r i g i n a l l y  sent to the Bac ter io logy  Department,  C i ty
H o s p i t a l ,  Nottingham where,  a f t e r  homogenisation wi th N-
a c e t y 1 -1 -c y s te in e  they were tes ted  f o r  pneumococcal
ant igen using CIE and Omni serum. They were f rozen at  
o
-20 C and sent t o  me at  the Bac ter io logy  Department ,
S t o b h i l l  H o s p i t a l ,  Glasgow in June 1984 where they were
o
also stored at  -20 C. Batches of 20 samples were al lowed  
to  thaw at  room temperature before a d d i t io n a l  t e s t s  f o r  
pneumococcal ant igen were c a r r i e d  out .
Sputum specimens sent to the Bac ter io logy  Department ,  
S to b h i l l  H o s p i t a l ,  f o r  rou t ine  examinat ion and c u l t u r e  
were processed and tested  f o r  pneumococcal an t igen on 
the same day as they were obtained from the p a t i e n t .  A 
t o t a l  of 1,056 samples was in ves t ig a t ed  using 
d i f f e r e n t  methods f o r  the de tec t ion  of pneumococcal  
ant igen to determine the c o r r e l a t i o n  between these
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r e s u l t s  and the q u a l i t y  of  sputum, Gram's s t a in  and 
pneumococcal cu l tu re  wi th c l i n i c a l  i n f e c t i o n .
Q u a n t i t a t i v e  c u l t u re  of pneumococci was c a r r i e d  out  
on 291 specimens which contained pneumococcal ant igen  
or had a preponderance of Gram p o s i t i v e  l ance o la te  
d iplococc i  in a Gram's stained smear. The r e s u l t s  were 
then co r re la ted  wi th the presence or absence of c l i n i c a l  
signs of a chest i n f e c t i o n .
Four hundred and seven specimens were in ve s t i g a te d  
to determine the c o r r e l a t i o n  between macroscopic and 
microscopic assessments of c e l l u l a r  m ate r ia l  in sputum 
and to i n v e s t i g a te  the c o r r e l a t i o n  between predominant  
pneumococci seen in a Gram's stained smear and t h e i r  
i s o l a t i o n  on c u l t u r e .
6
D i r ec t  and s e m i - q u a n t i t a t i v e  cu l tu re  ( > 10 c f u / m l )
was compared in 623 specimens.
Specimens other  than sputum
Post-mortem lung t i s su e  ( 2 4 ) ,  p le ur a l  f l u i d  ( 8 ) ,  
cerebrospina l  f l u i d  (28)  and knee as p i ra tes  (2 )  were 
obtained from p a t ie n ts  wi th pneumococcal i n f e c t i o n .
Acute phase serum was obtained from 24 p a t i e n ts  wi th  
pneumococcal pneumonia.
2 . 2 . 2 .  Pa t ients
The main c l i n i c a l  study
Most of the pa t ie n ts  studied were admit ted to
S t o b h i l l  H o s p i t a l ,  Glasgow during a four  year  per iod
from February 1982 to February 1986. A few p a t i e n ts  wi th
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severe pneumococcal disease had been admit ted to o ther  
hosp i ta ls  in the Glasgow area during the same pe r io d .  In 
ad d i t ion  to m at e r ia l  obtained from the primary focus of  
i n f e c t i o n  in these p a t i e n t s ,  blood c u l t u r e ,  serum or 
ur ine  was obtained during the acute or convalescent  
phase of the i n f e c t i o n .  A c l i n i c a l  summary and d e t a i l s  
of a n t i m ic r o b ia l  therapy at  the t ime the specimens were 
taken were a v a i l a b l e  f o r  these p a t i e n t s .  Pa t i en ts  were 
assigned to one of th ree  c l i n i c o - p a t h o l o g i c a l  groups.  
Group "P" (pneumococcal pneumonia) consisted of 122 
p a t i e n ts  wi th no previous h i s to ry  of r e s p i r a t o r y  disease  
and severe pneumonia was the reason f o r  t h e i r  admission  
to h o s p i t a l .
Group MC" (chronic b r o n c h i t i c s )  contained 101 p a t i e n t s  
with pneumococcal i n f e c t i o n  associated wi th  acute  
exacerbat ion of chronic o b s t r uc t i ve  airways disease  
(COAD). In ad d i t ion  to S.pneumoniae or pneumococcal  
ant igen , Haemophilus in f luenzae  was of ten i s o la t e d  from 
the sputum of these p a t i e n t s .  However, f o r  the purpose 
of t h i s  study the ro le  of H . i n f l u e n za e  in the i n f e c t i o n  
was not considered.
Group "A" ( acute chest i n f e c t i o n )  consisted of  163
p a t i e n ts  who had a produc t ive  cough and sputum on 
admission to h o s p i t a l ,  w i thout  d e f i n i t e  c l i n i c a l  or  
rad iographic  evidence of pneumonia, or developed a lower  
r e s p i r a t o r y  t r a c t  i n f e c t i o n  secondary to  c a r d i o ­
r e s p i r a t o r y  d isease,  p o s t - o p e r a t i v e l y  or dur ing  
h o s p i t a l i s a t i o n  f o r  t rea tment  of diseases not associated
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with the r e s p i r a t o r y  t r a c t .
Group "S“ (systemic disease ) comprised 28 p a t i e n ts  
with n o n- r es p i r a t o ry  pneumococcal i n f e c t i o n .
Other c l i n i c a l  studies
S e r ia l  sputum samples ( i . e .  two or more specimens)  
obtained from 398 pa t i e n ts  whose o r i g i n a l  specimen 
contained pneumococci or pneumococcal ant igen were 
examined during the whole period of the study.  A 
c l i n i c a l  summary and d e t a i l s  of a n t i m ic r o b ia l  therapy at  
the t ime each specimen was taken were a v a i l a b l e .  
Specimens examined on days 1 to 7 a f t e r  the i n i t i a l  
specimen were considered par t  of the same episode  
whereas those examined a f t e r  7 days were considered to  
represent  a new episode.
Nasopharyngeal swabs from 94 pa t i e n ts  admit ted to
hosp i ta l  ( February 1983 to Apr i l  1983) f o r  e l e c t i v e  
surgery and who subsequently developed a pneumococcal  
chest in f e c t i o n  were matched wi th sputum samples
obtained p o s t - o p e r a t i v e l y .
A prospect ive  study of pneumococcal i n f e c t i o n  was
ca r r ied  out on 30 pa t i e n ts  wi th chronic b r o n c h i t i s ,  
centred at  the Royal In f i rmary  , Glasgow ( January 1981 
to December 1982) .  Specimens of  sputum f o r  
b a c t e r i o l o g i c a l  assessment were obtained before and at  
the t ime of exacerba t ion .  Fur ther  samples taken at  3 ,  11 
and 38 days a f t e r  t reatment  were a v a i l a b l e  f o r  some 
p a t i e n t s .
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2 . 2 . 3 .  B a c t e r ia l  s t r a i n s
C l i n i c a l  i s o la t e s  of Streptococcus pneumoniae
A t o t a l  of  99 s t r a i n s ,  most of which were i s o la t ed
from blood and cerebrospina l  f l u i d  were r e fe r r e d  to me 
by s t a f f  in other  l a b o r a t o r i e s  in the West of Scot land  
(January 1981 to December 1985) .  These were serotyped  
and the r e s u l t s  l a t e r  confi rmed by Dr.  J.  Henr ichsen,  
Statens S e r u m in s t i tu t ,  Copenhagen, Denmark.
Serotyping was also ca r r i ed  out on 1,682 pneumococci  
or sputa conta in ing pneumococcal ant igen from p a t i e n t s  
admit ted to S t o b h i l l  H o s p i t a l ,  Glasgow, dur ing the  
period February 1982 to February 1986. P a t i en ts  were 
assigned to one of th ree  c l i n i c o - p a t h o l o g i c a l  groups.  
Group "P"(128 pa t i e n ts  ) ,  Group "C" (618 p a t i e n t s )  and
Group “A" (938 p a t i e n t s ) .
Eight hundred and seventy four  s t r a i n s  of
Streptococcus pneumoniae i s o l a t ed  in 15 ba c t e r i o lo g y
la b o r a to r i e s  throughout  Scotland ( between January 1982 
and December 1985) were r e fe r r e d  to my labor a to ry  f o r  
sero typ ing.  P a t ie n t  i d e n t i f i c a t i o n ,  the source of  the  
i s o l a t e  and the c l i n i c a l  d iagnosis accompanied each 
s t r a i n .  S t ra ins  which were i s o la t ed  from blood,  
cerebrospina l  f l u i d ,  post-mortem lung t i s su e  and o ther  
normal ly s t e r i l e  body c a v i t i e s  were considered to be 
responsible  f o r  systemic d isease .  S t ra ins  i s o la t ed  from 
the nasopharynx were designated upper r e s p i r a t o r y  f l o r a  
as were i s o la t e s  from non-purulent  sputa wi th obvious
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oropharyngeal  contaminat ion.  The l a t t e r  s t r a i n s  
conformed to each of the fo l lo w i ng  c r i t e r i a .
1. I s o l a t i o n  wi th mixed r e s p i r a t o r y  t r a c t  f l o r a  in
5
numbers below 10 cfu/ml  of homogenised sputum.
2.  I s o l a t i o n  from sputum in which no pneumococcal 
ant igen was detected ( M i l l e r  e t  a h ,  1978).
3.  I s o l a t i o n  in absence of signs and symptoms of  
c l i n i c a l  i n f e c t i o n .
B a c te r ia l  s t r a i n s  which cross -reac ted  wi th pneumococcal  
an t is e ra
1. A c o l l e c t i o n  of 72 s t r a i n s ' o f  Streptococcus mi 1l e r i , 
i s o l a t ed  from a v a r i e t y  of anatomical  s i t e s  were 
accumulated during the per iod January 1985 to  January  
1986 by Mr. Grant Mackenzie,  Bac ter io logy  Department ,  
S t o b h i l l  H o s p i t a l ,  Glasgow.
2.  T h i r t y  f i v e  s t r a in s  of alpha and non-haemolyt ic  
r e s p i r a t o r y  s t reptococc i  and 25 s t r a i n s  of  
ente robac te r iaceae  which c ross- reacted  wi th pneumococcal  
ant i se ra  were i so la ted  from sputum c u l t u r e s .
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2 . 3 .  METHODS
2 . 3 . 1 .  Stock c u l tu re s
Type s t r a in s  were preserved by resuspending 5-10
colonies from a blood agar p l a t e  ( incubated
an ae ro b ic a l l y  wi th 5-10% carbon d iox ide  f o r  18 hours)
in 1m1 t r yp tone  soya broth wi th 15% ( v / v )  g l y c e r o l .
o
S t ra ins  were stored at  -70 C.
2 . 3 . 2  P reparat ion  o f  stock suspensions of  pneumococci
The growth from two blood agar p la tes  was inocu la ted
in to 500ml of  Todd-Hewit t  broth conta in ing 5% horse
o
serum. The broth was incubated at  37 C f o r  4 to  7 hours
a e r o b i c a l l y  u n t i l  growth was in l a t e  log phase.
Subcul ture was ca r r i ed  out to conf i rm p u r i t y ,  and 2%
( v / v )  formaldehyde was added. The suspensions were l e f t
overnight  at  room temperature .  The b a c t e r i a l  c e l l s  were
harvested the next morning by c e n t r i f u g a t i o n  (3 ,50 0  rpm
f o r  30 minu tes ) ,  resuspended in phosphate bu f fe red
o
sa l i n e  (PBS pH 7 . 2 )  and a f t e r  heat ing at  75 C f o r  20
minutes,  washed wi th PBS. 1u1 of  concentrated
suspension was d i l u t e d  1:1000 in PBS and examined by
Gram f i l m  and f o r  the capsular  reac t io n  wi th Omni serum.
o
Stock pneumococcal suspensions were stored at  4 C.
2 . 3 . 3  Product ion of  an t i s e ra
Vaccines f o r  an t i s e ra  product ion were prepared by
d i l u t i o n  of  stock pneumococcal concentrated suspensions
9
in PBS to a concent ra t ion  of  1-2 X 10 d ip lococc i  per  ml .
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Immunisation procedure  
Lop ear  ra bb i ts  approximately 2-3  ki logrammes in
weight  were used f o r  ant iserum product ion .  I n j e c t i o n s  
were given in t ravenously  on a l t e r n a t e  days f o r  f i v e  
weeks using the f o l lo w in g  p ro toco l :
F i r s t  week: 0 .2 5 m l , 0 . 5m l , 0 . 7 5m l  
Second week: 1ml,1ml,1ml  
Third week: 1 . 5 m l , 1 . 5 m l , 1 .5ml 
Fourth week: 2 . 0 m l , 2 . 0 m l , 2 .0ml 
F i f t h  week: 2 .0ml ,2 .0ml  ,2.0ml
The ra bb i ts  were bled a f t e r  3 and 6 weeks and the
ant ibody t i t r e  of  the sera tes ted  by the capsular
reac t ion  t e s t  : t i t r e s  of  1:16 or g r e a te r  were accepted
as adequate.  The r abb i ts  were bled t e r m i n a l l y  by ca rd iac
puncture under intravenous anaes the t ic  (Nembutal
0 .5ml /kg  body w e i g h t ) .  The blood was al lowed to  c l o t  at  
o o
37 C f o r  30 minutes and kept at  4 C ov er n i g h t .  A f t e r
c e n t r i f u g a t i o n ,  0.1% (w/v)  sodium azide was added to the
o
serum : storage was at  -20 C in 5ml a l i q u o t s .
The ant ibody t i t r e  of  each serum was tes ted  by the  
capsular  re ac t ion  t e s t  aga inst  a suspension of
homologous vaccine.  S p e c i f i c i t y  was checked aga ins t  
heterogenous vaccines wi th the capsular  reac t ion  t e s t .  
The r e s u l t s  of  the te s t s  were recorded and used to  
ch ar ac te r is e  the a n t is e ra  f o r  use in exper iments.  
Capsular reac t io n  t e s t  (Quel lung r e a c t i o n )
A 10u1 loopful  of  ant iserum was mixed wi th 1 u 1
loopful  of  a suspension of  the t e s t  organism on a 76mm
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X 26mm glass s l i d e .  A 1u1 loopful  of  L o f f l e r ' s  
methylene blue was added and a co ver s l ip  placed over  
the p repara t ion  f o r  examinat ion using obl ique l i g h t  
under an o i l  immersion lens.
The pneumococcal suspension was used at  a 
concent rat ion  of less than 50-100 b a c t e r i a / f i e l d  to  
avoid prozone e f f e c t .
2 . 3 . 4  Product ion of f a c t o r  sera
Ant ise ra  to types 6A,6B ,7F ,7A,7B ,7C ,9N,9A , 9 V , 9 L , 10F , 
10A,11A,11B,12F,12A,15B,16F ,16A,17F ,17A,18F ,18A,18B,18C,  
19F,19A,19C,22F,22A,23F,23A,33F,33A,33B and 33C were 
absorbed wi th suspensions of the ap pr op r ia te  
heterologous s t ra in s  to remove common group a n t i b o d i e s .
500ul concentrated suspension was cen t r i fu ged  at  
3,500 rpm f o r  30 minutes and the supernatant  
removed. 250ul  ant iserum was absorbed by resuspension  
of the b a c t e r i a l  deposi t  in the ant iserum at  room 
temperature f o r  15-30 minutes.  A second absorpt ion was 
c a r r ie d  out in the same way wi th 500ul of  the same 
suspension.  50ul of  the twice absorbed serum was 
then mixed wi th 500ul of  staphylococcal  p r o t e in  A and 
tes ted  against  suspensions of the a p pr op r i a te  
pneumococcal types to confi rm t h a t  the common ant ibody  
had been completely removed. Two absorpt ions were 
ge ne ra l l y  s u f f i c i e n t  to  remove a l l  common an t ib ody ,  but  
some high t i t r e d  an t i s e ra  requi red f u r t h e r  ab so rp t i on .
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2 . 3 . 5 . Production of absorbed group antisera
Pneumococcal an t i s e ra  prepared at  Statens  
S e r u m i n s t i t u t , Copenhagen aga inst  groups : 6 , 7 , 9 , 1 0 , 1 1 ,  
1 2 , 1 5 , 1 7 , 1 8 , 1 9 , 2 2 , 2 3  and 33 were used.
500ul of  a concentrated suspension of  pneumococci of  
each type w i th in  a group was cen t r i fuge d  and the  
supernatant  removed. 250ul group ant iserum was mixed 
with each b a c t e r i a l  deposi t  f o r  15-30 minutes a t  room 
temperature and c e n t r i f u g e d .  A second absorpt ion was 
ca r r ie d  out using 500ul of  the same suspension.  
50ul of  the absorbed serum was then mixed wi th 500ul  of  
staphylococcal  p ro te in  A and tes ted against  a suspension 
of  the type used f o r  absorpt ion to conf i rm t h a t  
homologous ant ibody had been completely removed. Two 
absorpt ions were ge ne ra l l y  s u f f i c i e n t  but o c c as io n a l l y  a 
t h i r d  absorpt ion was necessary to remove a l l  t r ac es  of  
homologous ant ibody.
2 .3 .6 .  Iso lat ion and id e n t i f ic a t io n  of S.pneumoniae 
strains
Cul ture f o r  S.pneumoniae was ca r r i ed  out on blood agar  
p la tes  a f t e r  anaerobic incubat ion f o r  18 hours wi th 5-  
10% carbon d io x i d e .  An optochin disc on the in o c u la t i o n  
area al lowed presumptive i d e n t i f i c a t i o n  of  S.pneumoniae 
on primary i s o l a t i o n .
Blood cu l tu res  from p a t i e n ts  suspected of  having  
pneumococcal i n f e c t i o n  were subcul tured a f t e r  a minimum
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of 18 hour incuba t ion ,  a smear of the blood broth was 
examined by Gram's s t a in  and approximately 1m1 of the  
blood c u l t u re  broth examined f o r  pneumococcal an t ig en .  
Blood c u l t u r e s ,  showing no growth at  t h i s  t ime ,  were 
incubated and examined by naked eye twice d a i l y  f o r  
evidence of growth and where indica ted subcul tured and 
examined as above.
T is su e . Approximately 1 gram of  t i s s u e  was suspended in 
1m1 of PBS, homogenised in a G r i f f i t h ' s  tube ,  and a f t e r  
c e n t r i f u g a t i o n  (2 ,500  rpm) the supernatant  removed 
f o r  pneumococcal ant igen exami n a t i o n . Cul ture  f o r  
S.pneumoniae and a smear f o r  Gram's s ta in  were made from 
the depos i t .
Pathologica l  body f l u i d s  e,g. p le ur a l  f l u i d ,  
cerebrospina l  f l u i d ,  as p i ra tes  and pus were cen t r i fuged  
(2 ,500  rpm) immediately on r e c e ip t  in the l a b o r a t o r y .  
The supernatant  was re ta ined  f o r  pneumococcal ant igen  
examinat ion and the deposi t  cu l tured  f o r  S.pneumoniae 
and stained by Gram's method.
Swabs were p lated  onto blood agar wi th an optochin disc  
on the inocu la t io n  area .
Sputa , bronchia l  and t rac hea l  aspi rates were
homogenised in an equal volume of "Sputolys in"  
( d i t h i o t h r e i t o l , Behr ing) .  Cul ture  f o r  S.pneumoniae, 
Gram's s ta in  and te s t s  f o r  pneumococcal ant igen were 
ca r r ied  out on uncentr i fuged homogenates. Ad d i t i o na l  
c u l t u re  p la tes  were inoculated wi th 10 u1 and 1u1 
loopfu ls  of a 1 in 1000 d i l u t i o n  of homogenised sputum,
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f o r  s e m i - q u a n t i t a t i v e  es t imate  of the numbers of  
S.pneumoniae p resent .  Cul ture  p l a te s  were examined a f t e r  
incubat ion and colonies which resembled S.pneumoniae 
were tes ted  f o r  pneumococcal ant igen by the  
c o - a g g lu t in a t io n  t e s t .
Typing of S.pneumoniae s t r a i n s  by Kronval1 * s co­
a g g lu t in a t io n  t e s t .  ( CoA(K))
Four d i f f e r e n t  kinds of  pneumococcal a n t i s e r a  were 
used to prepare c o - a g g lu t in a t io n  typ ing reagents .  These 
were:
a) Three po ly va len t  a n t i s e ra  prepared from pools A to  I
po lyv a le n t  1 = 1m1 of pools A,B and C mixed to ge th er
po lyv a le n t  2 = 1m1 of pools D,E and F mixed to ge t he r
po lyv a le n t  3 = 1ml of pools G,H and I mixed to ge th er
b) Nine pooled sera (A to I ) .
c) Type sera ,  reac t ing  wi th a s ing le  ty pe ,  and group 
sera ,  reac t ing  wi th a l l  the types w i t h in  one group.
d) Factor  sera and absorbed group a n t i s e ra  used f o r  the  
d i f f e r e n t i a t i o n  of types w i t h in  a group ( a v a i l a b l e  
from January 1985).
50ul of each ant iserum,  ( i . e .  a to d above) were added 
to 500ul  of 10% ( v / v )  suspension of h e a t - t r e a t e d  and 
fo rmol in ised  s taphylococc i .
Serotyping
Ten to 20 colonies of S.pneumoniae from a blood agar  
p l a t e  were suspended in 0.5ml PBS. Tests were c a r r i e d  
out on 76 mm X 26 mm glass s l i de s  by mixing 1u 1 of
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b a c t e r i a l  suspension wi th 1u1 of  each of  the th re e
po lyv a le n t  reagents and fo l lowed by the appropr ia te  
antiserum pools .  The type or group was then determined  
by t e s t i n g  wi th s in g l e  type or group reagents  
appropr ia te  to the pool which gave the p o s i t i v e
r e a c t i o n .  A p o s i t i v e  co -a g g lu t i n a t i o n  reac t io n  was taken  
as v i s i b l e  clumping a f t e r  rocking the s l i d e  to and f r o  
f o r  two minutes.  Only strong reac t ions  which appeared 
w i t h i n  two minutes were considered s p e c i f i c  f o r
pneumococcal capsular  po lysacchar ide.  In most instances  
p o s i t i v e  reac t ions  were detected in a few seconds.
From January 1985 typing w i t h i n  the t h i r t e e n  
serogroups ( 6 , 7 , 9 , 1 0 , 1 1 , 1 2 , 1 5 , 1 7 , 1 8 , 1 9 , 2 2 , 2 3  and 33)  
represented in the 23 va l en t  pneumococcal vaccine was 
c a r r ie d  out wi th reagents prepared from f a c t o r  sera and 
absorbed group a n t i s e r a .  The l a t t e r  were prepared by 
absorpt ion of  group an t i s e ra  wi th a s t r a i n  of  a type  
wi th in  the group. The type was determined by the  
r e s u l t s  of  the c o -a g g lu t i n a t i o n  t e s t  on a s t r a i n  tes te d  
with each f a c t o r  serum or absorbed group serum f o r  the  
group according to the typing scheme of  Lund and 
Henrichsen (1978 ) .
Other a lpha -haemolyt ic  s t reptococci
Optoc h in - sen s i t i v e  ( i . e .  wi th a zone diameter  g r e a t e r  
than 18mm ) a lpha -haemolyt ic  s t r e p t o c o c c i ,  which did not  
reac t  in the c o - a g g lu t in a t io n  t e s t  wi th p o ly v a le n t  
a n t i s e r a ,  were tested  wi th a c o -a g g l u t i n a t i o n  reagent  
prepared from ant iserum to pneumococcal C -po lysacchar ide .
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O p to c h in - re s is t a n t  ( i . e .  zone diameter  less than 14mm) 
alpha -  haemolyt ic  s t r e p t o c o c c i ,  which reacted in the  
c o - a g g lu t in a t io n  t e s t  wi th one of the po ly v a l en t  
a n t i s e r a ,  were tes ted in th ree  ways.
1) f o r  t y p e - s p e c i f i c  pneumococcal polysacchar ide  
ant igen by the c o -a g g lu t i n a t i o n  t e s t .
2)  f o r  s t reptococcal  ant igen of groups A,B,C,D,F and G 
( S t r e p t e x ,  Wellcome D ia g n o st ic s ) .  Latex suspensions f o r  
st reptococcal  groups K and H were prepared from 
a n t i s e ra  from Wellcome Diagnost ics in the l abor a to ry  in 
the same way as f o r  pneumococcal l a t e x  p repara t ion  ( see 
below, pages. 128 -129 ) .
3) f o r  pneumococcal C-polysacchar ide ant igen by the  
c o - a g g lu t in a t io n  t e s t .
The organisms were then i d e n t i f i e d  b iochemica l ly  
using the APr 'St rep"  system.
2 . 3 . 7 .  Methods f o r  the  d e te c t io n  of pneumococcal  
ant igen in c l i n i c a l  m at e r i a l
1. Preparat ion  of  specimens
Specimens were f i r s t  depro te in ised  by heat ing and 
c e n t r i f u g a t i o n  (2 ,500  rpm) : the supernatant  f l u i d  was 
then tes ted  f o r  pneumococcal an t igen .
Blood c u l t u r e  broths
Approximately 1ml of b ro t h ,  incubated f o r  a minimum 
of 18 hours,  was removed a s c e p t i c a l l y  from the blood 
c u l t u r e  b o t t l e s  and ce n t r i fuged  a f t e r  heat ing in a 
b o i l i n g  water  bath f o r  3-5 minutes.
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Pathologica l  body f l u i d s
P leura l  f l u i d ,  cerebrosp ina l  f l u i d ,  asp i r a te s  and pus 
were cen t r i fuge d  (2 ,500  rpm) f o r  10-15 minutes  
immediately a f t e r  r e c e i p t  in the l a b o r a to ry .  The 
supernatant  was removed, heated in a b o i l i n g  water  bath 
f o r  3-5 minutes and c l a r i f i e d  by c e n t r i f u g a t i o n  before  
use.
Tissue
The supernatant  from t i s s u e  p repara t ion  was heated 
in a b o i l i n g  water  bath f o r  3-5 minutes before  
c e n t r i f u g a t i o n  f o r  c l a r i f i c a t i o n .
Respi ratory  secret ions  -
Sputa,  bronchia l  and t rac he a l  a s p i r a t e s  were 
homogenised in an equal volume of "Sputo lys in"  
( d i t h i o t h r e i t o l , Behr ing) .  Approximately 1 ml of  
homogenate was heated in a b o i l i n g  water  bath f o r  3-5
minutes.
Urine
Specimens, deprote in ised by heat ing in a b o i l i n g
water  bath f o r  3-5 minutes were tes ted before and a f t e r
concent ra t ion  wi th 95% ethanol  as fo l l o w s :
0
15ml of 95% e t ha n o l ,  stored at  -20 C, was added to
5ml of  cen t r i fuged  u r in e .  The p r e c i p i t a t e  obtained by
0
c h i l l i n g  f o r  2 hours at  4 C, was removed by
c e n t r i f u g a t i o n  and dissolved in 0 .25  ml of PBS.
Serum
Samples were d i l u t e d  wi th an equal volume of PBS and 
heated over a bunsen f lame to coagulate  the p r o t e i n s .
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A f t e r  c e n t r i f u g a t i o n ,  t h e  s u p e r n a t a n t  f l u i d  was t e s t e d .
2.  Tests f o r  pneumococcal ant igen
A. Kronval1 1 s co -a g g lu t i n a t i o n  t e s t  ( CoA(K))
Specimens (wi th the except ion of serum and ur in e )  were
tested wi th c o - a g g lu t in a t io n  reagents prepared f o r  
typing S.pneumoniae s t ra in s  (See pages 122 -123) .  Tests 
were performed the same day as cu l tu res  were set  up and 
r es u l ts  reported s e p a r a t e ly .
B. Counterimmunoelectrophoresis ( C I E )
Two sets of glass s l id es  (76mm X 51 mm) were coated
wi th 8ml of agarose (Mi les  Labora to r ies )  in barb i tone
bu f f e r  at  e i t h e r  pH 8 .2  or pH6.6.  S l ides were stored at  
o
4 C in a moist chamber and used w i t h in  one week of  
p r e p a r a t i o n .
P a r a l l e l  wel l s  3mm in diameter  were cut 3mm a p a r t ;  a
40 wel l  pa t te rn  wi th 2 rows of 10 pa i rs  of p a r a l l e l
wel l s  was cut on each s l i d e .  10u1 of ant igen was placed
in each of the cathode wel ls  and 10u1 of pneumococcal
ant iserum was placed in each anode w e l l .  The s l i d e s
were at tached by f i l t e r  paper wicks (Whatman Nol)  to
the tank r e s e r v o i r  conta ining 200ml of ba rb i tone  b u f f e r
(pH 8 .2  ionic  st rength 0 . 0 5 ) .  The tank was connected to
a Shandon power pack and a constant  current  of  30
mi l l iamps appl ied across the s l i d e s  f o r  1 hour at  room
o
temperature .  The s l ide s  were cooled at 4 C before  
examinat ion f o r  p r e c i p i t i n  bands using i n d i r e c t
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i l l u m i n a t i o n .
Respi ra tory  secre t ions  , ce rebrospina l  f l u i d  and serum 
were tested by CIE using type a n t i s e r a .  The in d iv id u a l  
antiserum used was determined from the r e s u l t s  of co­
a g g lu t in a t io n  t e s t s  ca r r i ed  out on the same m at e r ia l  
( or on d i f f e r e n t  specimens taken at  or about the same 
t ime ) from the same p a t i e n t .
Q u a nt i t a t i on  of pneumococcal ant igen
Doubling d i l u t i o n s  of the m at e r i a l  from 1:2 to  1:512 
in PBS were tes ted  wi th t y p e - s p e c i f i c  a n t i s e ra  used in 
CoA(K) and CIE to determine the t i t r e  of ant igen  
present .
Other t e s t s  f o r  the de tec t ion  of pneumococcal ant igen  
in serum, u r ine and cerebrospina l  f l u i d
Four d i f f e r e n t  prepara t ions  of pneumococcal a n t is e r a  
were used in t e s t s  f o r  pneumococcal ant igen in serum,  
ur ine  (before  and a f t e r  conce nt ra t ion )  and cerebrosp ina l  
f l u i d .  These specimens were tested  by T r o l l f o r ' s  
c o - a g g lu t in a t io n  ( CoA( T ) )  and l a t e x  a g g l u t i n a t i o n  (LA) .  
The pneumococcal an t i s e ra  used were:
a) Omni serum.
b) Three po l yv a le n t  an t i s e ra  prepared from pools A to I 
as p rev ious ly  descr ibed (page 122) and a p o ly v a l en t  
ant iserum to the 23 types contained in the cu r re n t  
pneumococcal vaccine.
c)  Pools A to H.
d) Ant isera  to types 1 , 3 , 4 , 8 , 1 4 , 2 0  and to groups 
6 , 7 , 9 , 1 0 , 1 1 , 1 2 , 1 5 , 1 7 , 1 8 , 1 9 , 2 2 , 2 3 , 3 3  and pneumococcal C-
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po lysacchar ide .
C. T r o l I f o r 1s c o - a g g lu t in a t io n  t e s t  (CoA(T ) )
50ul of  pneumococcal ant iserum was added to 500ul  
of 10%(v / v ) suspension of staphylococcal  p ro te in  A. 
A f t e r  mixing f o r  one hour and c e n t r i f u g a t i o n  at  3 ,500  
rpm f o r  10 minutes the supernatant  was d iscarded.  500ul  
of f i l t e r e d  2% so lu t ion  of methylene blue was added to  
the ant ibody-coated s taphylococci .  A f t e r  f u r t h e r  mixing  
and c e n t r i f u g a t i o n  again ,  the staphylococci  were 
resuspended in 2.5ml of PBS. 40ul  of  heat  t r e a t e d  
specimen was mixed wi th 40ul  of  reagent  on d isposable  
cards from Phadebact k i t s  (Pharmacia D i a g n o s i t i c s ) .  The 
a g g lu t i n a t i o n  reac t ion  was read a f t e r  60 s.
The IgG f r a c t i o n  of pneumococcal a n t i s e ra  ( i . e .  a to  
d descr ibed on page 122 ) were prepared and used in the  
LA and ant igen capture enzyme-l inked immunosorbent
assay (AC-ELISA).
Preparat ion of  the IgG f r a c t i o n  of  pneumococcal
an t i  sera
1ml of ant iserum was mixed wi th 2ml of d i l u t e  ac e ta te  
b u f f e r  pH 4 . 0  and repeated ly  a g i ta te d  a t  room
temperature f o r  30 minutes.  Octanoic acid (0 .1  mi per ml 
of serum ) was added drop by drop wi th thorough mix ing .  
A f t e r  30 minutes at  room temperature ,  the mixture  was 
cent r i fuged (3 ,500  rpm f o r  15 minutes)  and the  
supernatant  r e t a i n e d .  The supernatant  f l u i d ,  con ta in ing  
the IgG f r a c t i o n ,  was c l a r i f i e d  by passing through a
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0 .45  urn M i l l e x  f i l t e r  u n i t  ( M i l l i p o r e )  and d ia lysed  f o r
24 hours against  two changes of  PBS (2 l i t r e s  each ) .
The t i t r e  of  t y p e - s p e c i f i c  ant ibody in the IgG
prepara t ion  was determined by the capsular  rea c t io n  t e s t
aga inst  an appropr ia te  suspension of  S.pneumoniae.
D . Latex a g g lu t in a t io n
The IgG f r a c t i o n  was d i l u t e d  in g lyc in e  b u f f e r  s a l in e
(GBS pH 8 . 2 )  conta in ing  0.2% (w/v )  bovine serum albumin
( BSA, Dade D iagnos t ics ,  I n c . )  and 0.1% (w/v )  sodium
azide to  the optimum d i l u t i o n .  The optimum d i l u t i o n  was
es tab l i shed  from the ant ibody t i t r e  in the capsular
re ac t ion  t e s t .  D i lu ted  IgG was mixed wi th an equal
volume of  1% la t e x  p a r t i c l e s  (0 .17u diameter
0
Polysciences Ltd ) and incubated at  37 C f o r  2 hours.
The sen s i t i se d  l a t e x  was cent r i fuged  (3 ,500  rpm) f o r  15 
minutes,  the supernatant  f l u i d  removed and the l a t e x
resuspended in an equal volume of  GBS conta in ing  0.2% 
(w/v )  BSA and 0.1% (w/v )  sodium az i d e .  40ul  of  hea t -  
t r ea te d  specimen was mixed wi th 40ul  of  l a t ex  reagent  
on t i l e s  suppl ied in the Wellcome S t reptex  k i t s  
(Wellcome D ia g no st ic s ) .  The a g g lu t in a t io n  reac t ions  were 
read a f t e r  30 to  60 s.
Specimens were tes ted  f i r s t  wi th po lyv a le n t  reagents ,  
then wi th appropr ia te  pools and prec ise  typ ing  was 
c a r r ie d  out using the l im i t e d  range of  type a n t i s e r a .
However, when the type of  S.pneumoniae had been r e c e n t l y
es tab l ished  f o r  a given p a t i e n t  e i t h e r  by c u l t u r e  o f  the  
specimen being examined or from o ther  specimens taken a t
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or about the same t im e ,  the specimen was tes ted  wi th the  
appropr ia te  type reagent .
E. Ant igen capture enzyme-1 inked immunosorbent assay 
(AC-ELISA)
Ant igen d e t e c t i o n ,  in serum by AC-ELISA, was ca r r i ed
out when S.pneumoniae or pneumococcal ant igen had been
serotyped from other  c l i n i c a l  m a t e r i a l .  The IgG f r a c t i o n
of r a b b i t  type or group pneumococcal ant iserum was used
to capture and de tec t  s p e c i f i c  pneumococcal ant igen
according to the method of  De Jong (1 98 3 ) .
F l a t  bottom m i c r o - e l i s a  p la tes  (Dynatech)  were coated
wi th the IgG f ract i -on from pneumococcal a n t i s e ra
( d i l u t e d  1:1000 in 0.1 M sodium carbonate b u f f e r  pH
o
9 . 6 )  overnight  at  4 C. The we l ls  were r insed th re e  t imes
in PBS conta in ing 0.1X Tween 20 (wash b u f f e r ) ,  50ul  of
heated serum was added to the wel l s  and the p l a t e
o
incubated at  37 C f o r  2 hours.  Pla tes  were washed 3
t imes in wash b u f f e r  and 50ul of  ant ibody-enzyme
conjugate,  s p e c i f i c  f o r  the ant igen being d e te c te d ,  were
o
added: the p l a te  was incubated at  37 C f o r  30 minutes.
Antibody-enzyme conjugates comprised of IgG d i l u t e d
1:400 and urease conjugated a n t i - r a b b i t  IgG d i l u t e d  1:50
o
in PBS. A f t e r  incubat ion at  37 C f o r  90 minutes,  an 
equal volume of r a b b i t  IgG to Haemophilus in f lu e nz ae  
type b d i l u t e d  1:20 in PBS was added to  the mixture  and 
incubated f o r  a f u r t h e r  30 minutes.  Pla tes  were washed 
th ree t imes in wash b u f f e r  and th re e  t imes wi th  
d i s t i l l e d  water .  50ul of urease subst rate  was added to
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each wel l  and the p l a t e  sealed before incubat ion at  37 C 
f o r  2 hours.  Pla tes  were examined v i s u a l l y  and a
p o s i t i v e  t e s t  was ind ica ted  when the subs t ra te  changed
from ye l low to purp le .
Qu an t i t a t io n  of pneumococcal ant igen
Doubling d i l u t i o n s  of  ant igen p o s i t i v e  specimens 
from 1:2 to 1:256 were prepared in PBS and tes ted  by 
CoA(T),  LA or AC-ELISA wi th reagents prepared from type  
a n t i s e r a .  The ant igen concent rat ion  was determined from 
t e s t s  c a r r i e d  out in p a r a l l e l  using doubl ing d i l u t i o n s  
of homologous pneumococcal capsular  po lysacchar ide ,  a t  a 
concent ra t ion  of 1 ug/ml and 100ng/ml ,  d i l u t e d  in PBS 
from 1:2 to 1 :32 .  The t e s t  procedures and the
pneumococcal an t i s e ra  used f o r  the examinat ion of  
d i f f e r e n t  kinds of c l i n i c a l  m at e r ia l  are summarised in
Table 3.
2 . 3 . 8 .  Pneumococcal ant ibody de te rmina t ion
Antibody to pneumococcal C -polysacchar ide ,  present  in 
most human serum, was removed by absorpt ion wi th a 
heavy suspension of the C-mutant s t r a i n .  
Immunofluorescence assay ( IFA)
Pneumococci used as ant igen in IFA t e s t s  were prepared  
by resuspending 1u1 of stock pneumococcal suspension in 
500ul of  FA b u f f e r .  1ul loopfu ls  were placed in the  
wel ls  of a PTFE coated glass s l i d e  ( Hendiey-Essex) and 
al lowed to dry at  room temperature .  The b a c t e r i a l  c e l l s  
were f i x e d  to the glass s l i d e  by hea t in g .  1u1 loop fu ls
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of pa t i e n ts  serum were ov er la id  onto the heat f i x e d
o
b a c te r i a  and the s l id es  incubated at  37 C f o r  30 minutes
in a humid chamber. A f t e r  r i ns i ng  in d i s t i l l e d  wate r ,
the s l i d e  was washed f o r  10 minutes in two changes of FA
b u f f e r .  The prepara t ion was al lowed to dry and 1u1
loopful  of a working d i l u t i o n  of  f luo re sc e i n -c o n j u ga te d
anti -human immunoglobulin in FA b u f f e r  conta in ing 2%
tween 80 added. The s l i d e  was replaced in the humid
o
chamber and incubated at  37 C f o r  30 minutes.  A f t e r
r ins ing  in d i s t i l l e d  water  the s l i d e  was washed in
carbonate b u f f e r  f o r  10 minutes,  al lowed to dry and 
mounted in buf fered g l y c e r o l .  Sl ides were examined using 
a Le i t z  Dia lux 20 microscope f i t t e d  wi th a 20 wat t  
tungsten halogen lamp.
Determinat ion of ant ibody concentrat ion
The IFA was standardised using human reference  serum.  
The leve l  of  ant ibody to t y p e - s p e c i f i c  pneumococcal  
capsular  polysacchar ides in the reference serum ( p r e ­
determined by G.Schif fman by standard radioimmunoassay)  
were recorded as nanograms of ant ibody n i t rogen per ml
serum ( ng Ab N/ml serum).  Antibody concentrat ions in
pat ients*  sera were determined from the r e s u l t s  of  
ant ibody t i t r a t i o n  on doubl ing d i l u t i o n s  ( 1:2 to 1:64)  
of p a t i e n ts '  sera compared to those of the re fe rence  
serum tested  s imul taneously .
2 . 3 . 9 .  Examination of sputum samples
Specimens were assigned one of  four  broad groups on
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the basis of macroscopic examinat ion before  
homogenisat ion.  The four  groups were :
1. Purulent  (P ) :  pus amounting to more than tw o - t h i r d s  
of the specimen.
2.  Mucopurulent (MP): ranging from mucus wi th a t r ac e  
of pus to specimens where pus amounted to one t h i r d  
of the sample.
3.  Mucoid (M):  mucus wi th n e i t h e r  pus or s a l i v a .
4.  Sa l iva  (S ) :  th in  f l u i d  specimens (but  inc lud ing  
those wi th a t r ac e  of mucus).
Microscopic assessment
10u 1 of homogenised sputum was mixed wi th lOul of  a 
so lut ion  of c r y s ta l  v i o l e t  (0.05%) on a glass s l i d e .  A 
co ver s l ip  was placed over the p repara t ion which was
examined mic roscop ica l l y  ( X 400 m ag n i f i c a t i o n )  f o r  the
presence of macrophages, b r o n c h o - e p i t h e l i a l  c e l l s ,  pus
c e l l s  and squamous e p i t h e l i a l  c e l l s .  A s e m i - q u a n t i t a t i v e  
es t imate  of t h e i r  numbers was recorded ( + , + + , + + + ) .
Gram * s s ta in
Smears were prepared from homogenised sputum and 
examined microscop ica l l y  ( X 1000 m ag n i f i c a t i on  ) f o r
Gram-posi t ive l anceola te  d ip lococc i  and evidence of oro­
pharyngeal organisms. Smears were assessed as descr ibed  
below :
1. P o s i t i v e  : more than 10 pa i rs  of Gram-posi t i ve  
l anceo la te  d ip lococc i  per o i l  immersion f i e l d  wi th  
l i t t l e  or no evidence of oropharyngeal  organisms.
2 .  Equivocal  : equal numbers of Gram-posi t i ve l an ce o l a t e
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dip lococc i  ( but only in numbers g r e a te r  than 10 pa i rs  
per o i l  immersion f i e l d )  and oropharyngeal  organisms.
3.  Negat ive : oropharyngeal  organisms only or no
organisms seen.
Q u a n t i t a t i v e  cu l tu re
In ad d i t ion  to s e m i - q u a n t i t a t i v e  c u l t u re  and c u l t u re  
of undi lu ted sputa,  q u a n t i t a t i v e  cu l t u re  was ca r r i ed  out  
on specimens which had e i t h e r  a p o s i t i v e  Gram smear 
alone or a p o s i t i v e  Gram smear toge ther  wi th a p o s i t i v e  
reac t ion  wi th one of the th ree  po lyv a len t  pneumococcal  
co -a g g lu t i n a t i o n  reagents.
-1 -6
Ten- fold d i l u t i o n s  t 10 to 10 ) of homogenised
sputum in s t e r i l e  PBS, were p la ted  onto blood agar and
incubated an aer ob ica l l y  wi th 5-10% carbon d iox ide  f o r  18 
o
hours at  37 C. The b a c t e r i a l  count was determined from 
the highest  d i l u t i o n  of homogenised sputum which showed 
growth of S.pneumoniae : the count was descr ibed as
“pure" or “mixed" depending on the presence of any 
accompanying growth of recognised r e s p i r a t o r y  t r a c t  
commensals (e.g. alpha and non-haemolyt ic s t r e p t o c o c c i ,  
coagulase negat ive staphylococci  and d ip h t hr o i d  
baci 11 i ) .
I n h i b i t o r y  substances and beta-1actamase
I n h i b i t o r y  substances were detected by p i p e t t i n g
100u1 of homogenised sputum into  a wel l  cut in a blood
agar p l a te  seeded wi th the Oxford Staphylococcus -  a f t e r
o
overnight  incubat ion at 37 C, a zone of no growth 
around the wel l  ind ica ted  the presence of an i n h i b i t o r y
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substance in the sputum. Beta- lactamase was detected by
placing a 25ug a m p i c i l l i n  disc approximately 20mm from
the wel l  and not ing the growth of the Staphylococcus
between the wel l  and the a m p i c i l l i n ’ disc a f t e r  overnight
o
incubat ion at  37 C.
C l i n i c a l  c o r r e l a t i o n
The r e s u l t s  of c l i n i c a l  examinat ion of the p a t i e n ts  
chest and chest x - ray  were noted at  the t ime the sample 
was taken : in format ion was obtained e i t h e r  from the
case record or by consu l ta t ion  wi th the c l i n i c i a n  
responsible  f o r  the p a t i e n t .
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CHAPTER 3 
RESULTS
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3 . 1 . TECHNIQUES FOR THE LABORATORY INVESTIGATION OF 
PNEUMOCOCCI AND PNEUMOCOCCAL INFECTION.
3 . 1 . 1 .S e r o t y p i n g :
C o - ag g lu t i na t io n  t e s t  f o r  serotyping pneumococci
Pneumococcal a n t is e ra  prepared in ra bb i ts  were 
examined f o r  t y p e - s p e c i f i c  and c r os s - r ea c t in g  
pneumococcal a n t i b od ie s .  Tests were ca r r i ed  out using a 
suspension of pneumococci,  d i l u t e d  1:100,  which had 
been t r e a te d  wi th formaldehyde and heat .
Antibody t i t r e s
A re p r e s e n t a t i v e  number of r a b b i t  pneumococcal  
a n t is e ra  were t i t r a t e d  by the standard capsular  
reac t ion  and c o - a g g lu t in a t io n  t e s t  on suspensions of  
homologous pneumococci.  The r e s u l t s  f o r  types other  
than type 3,  were 4 to 8 fo ld  higher  by the co­
a g g lu t i n a t i o n  t e s t  (Table 4 ) .  Factor  sera were prepared  
by absorpt ion of type an t is e ra  wi th concentrated  
suspensions of appropr ia te  heterologous types .  Table 5 
shows the r es u l t s  of the capsular  re ac t ion  and 
co -a g g lu t i n a t i o n  t e s t  wi th f a c t o r  sera c a r r i e d  out on 
standard s t ra in s  of pneumococci.  The reac t ions  agreed 
with those reported in the typing scheme set  out by 
Lund and Henrichsen (1 97 8 ) .  The ant ibody t i t r e s  of the  
prepared f a c t o r  sera were 4 to 8 fo ld  higher  by the  
co -a g g lu t i n a t i o n  t e s t  than the capsular  reac t ion  t e s t  
(Table 6 ) .
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Table 4:
T itres of pneumococcal antisera by capsular reaction
and co-agglutination tes ts .
Antiserum T i t r e *  against homologous type
Capsular  reac t ion Co- agg lu t in a t ion
t e s t t e s t
1 16 64
3 32 64
4 512 >2000
6A 8 32
6B 64 512
7 F 64 512
7 A 32 1024
7B 256 >2000
7 C 64 512
8 32 256
9N 32 256
9 A 128 >2000
9 V 32 512
9 L 16 256
12F 64 512
12A 128 >2000
14 128 1024
17 F 128 1024
17A 128 >2000
18F 128 >2000
18 A 32 512
18B 64 512
18C 64 1024
19 F 4 32
19A 16 64
19 C 8 128
20 8 128
23F 128 >2000
23A 32 512
★
T i t r e s  expressed as the re c i p ro ca l  of the h ighest  
d i l u t i o n  g iv ing  a p o s i t i v e  r e a c t i o n .
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Table 5 :
 *
Factor  sera tes ted  wi th standard s t r a i n s  by capsular
reac t io n  and c o - a g g l u t i n a t i o n %
Anti  serum absorbed 
with type
f a c t o r Standard types
6A 6B
6 A 6B 6b + .
6B 6A 6c • +
7F 7A 7B 7C
7F 7B 7b + + -
7A 7F 7c - + -
7B 7 C 7e - - + -
7 C 7B 7f - - - +
9N 9A 9 V 9 L
9 L 9A 9b + • - +
9A 9N 9c - + + +
9A 9 L 9d - + + -
9N 9 L 9e + - - -
9 V 9A 9g - - + -
12F 12A
12F 12A 12b + -
12A 12F 12c - +
17F 17A
17 F 17A 17b + -
17A 17F 17c - +
18F 18A 18B 18C
18C 18 B 18c + - - +
18A 18B 18 d - + - -
18C 18F 18e - - + +
18F 18C 18 f + - - -
19F 19A 19B 19 C
19F 19A 19b + - - -
19A 19F 19c - + + +
7B - 7h - - + +
19 C 19B 19f - - - +
23F 23A 23B
23F 23A 23b + - +
23A 23F 23c - + -
28 - 28 - -  . +
Le t te rs  in upper ca se are used to in d i c a t e a
pneumococcal type whi le those in lower case are used to
in d i ca te  a f a c t o r i a l component of the a n t i g e n i  c
s t ru c tu re  according to the convent ional  nomenclature
(Lund and Henrichsen,  1978) .
*
prepared by absorpt ion from type a n t i s e r a .
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Table 6:
T itres of fac tor  sera, prepared from type ant isera ,
tested by capsular reaction and co-agglutination tes ts .
Factor
serum
serotype  
of t e s t  
suspension
T i t r e *
Capsular
reac t ion  Co- agg lu t in a t ion  
t e s t  t e s t
6b 6 A 2 8
6c 6B und i l u t e d 8
7b 7F 64 512
7b 7A 2 16
7c 7A 4 32
7e 7B 32 256
7f 7 C 64 256
9b 9N 8 64
9b 9 L 8 64
9c 9A 128 1024
9c 9 V 128 1024
9c • 9 L 2 16
9d 9A 64 1024
9d 9 V 128 1024
9e 9N und i l u t e d 8
9g 9 V undi luted 16
12b 12F 4 32
12c 12A 4 32
17b 17F 4 32
17c 17A 32 128
18c 18 F 128 1024
18c 18C 128 1024
18d 18A 8 64
18e 18B 4 16
18e 18C 8 64
18f 18F 4 16
19b 19 F und i l u t e d 8
19c 19A 4 16
19c 19B n i l undi lu ted
19c 19 C n i l undi lu ted
19f 19 C 32 128
23b 23F 16 128
23b 23B 16 128
23c 23A 16 128
*
T i t r e s are expressed as the r ec ip roc a l  of the highes
d i l u t i o n  g iv ing  a p o s i t i v e  r e a c t i o n ,  
note:  f a c t o r  sera were prepared f o r  use in the  
c o - a g g lu t i n a t i o n  t e s t .
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Cross - react ions of type a n t i s e ra  in co -a g g lu t i n a t i o n  
t e s t s  wi th standard s t r a i n s  of pneumococci
A t o t a l  of  36 type a n t i s e ra  were tes ted by co­
a g g lu t in a t io n  against  each of 68 standard s t r a in s  of  
pneumococci to check f o r  possible  c r o s s - r e a c t io n s .  Most 
a n t is e ra  in f a c t  showed these and the t i t r e  of  re ac t ion  
with homologous and c r os s - r ea c t in g  se ro type (s )  are 
recorded in Table 7.  With the except ion of a n t i s e r a  to  
types 1 ,3 ,4  and 8 ,  the remaining type sera showed 
cros s - r ea c t i on s  wi th one or more heterologous types .  
However, in most cases the c ro s s - re a c t io ns  were 
r e s t r i c t e d  to types which shared an ant igen wi th the  
type used to r a i se  the antiserum and to types known to  
cr os s - re a c t  al though no common ant igen has been 
demonstrated.  The c ross - re ac t io ns  observed wi th a n t i s e ra  
to types 7C,9V,17A,18C,22F,22A,23F and 23A, which are  
under l ined in Table 7,  have not p rev iously  been 
repor ted .  They were inves t iga ted  by t i t r a t i o n  of each 
ant iserum,  a f t e r  absorpt ion ,  wi th homologous and 
heterologous types and the r e s u l t s  are presented in 
d e t a i l  in Table 8 .
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Table 7:
Cross - r e a c t i o n s  of type a n t is e ra  in c o - a g g l u t i n a t i o n
t e s t s wi th  standard s t r a i n s  of pneumococci.
Ant iserum(a)
Cross - reac t ing type  
( t i t r e  of r e a c t io n )
1 32) none
3 64) none
4 1024) none
6A 32) 6 B(16 )
6B 512) 6 A(128 )
7F 512) 7 A ( 1 6 ) . 7 B ( 2 ) , 7 C ( 2 )
7A 1024) 7 F ( 5 1 2 ) , 7 B ( 3 2 ) , 7 C ( 4 )
7B 256) 7 F ( 1 6 ) , 7 A { 8 ) , 7 C ( 6 4 ) :
1 8 F ( 4 ) , 1 8 A ( 2 ) , 2 0 ( 2 ) , 24F (4 )  ,33A(2)
7C 512) 7 F ( 6 4 ) , 7 A ( 3 2 ) , 7 B ( 5 1 2 ) ,  :
2 0 ( 1 2 8 ) , 2 4 F ( 8 ) ,
31 ( 1 2 8 ) , 3 3 F ( 1 2 8 ) , 3 3 A ( 6 4 ) ,42(256 )
8 256) none
9N 256) 9 A ( 6 4 ) , 9 V ( 1 6 ) , 9 L ( 1 2 8 )
9A 1024) 9 N ( 2 5 6 ) , 9 V (1 0 2 4 ) , 9 L (2 5 6 )
9 V 512) 9 N ( 1 6 ) , 9 A ( 2 5 6 ) , 9 L ( 3 2 ) : 8 ( 1 6 )
9L 256) 9 N (1 2 8 ) ,9 A ( 6 4 ) , 9 V ( 6 4 )
10F 128) 10A(16)
10A 512) 10F(3 2 ) :  21 (32 )
11A 512) 11 F ( 3 2 ) , 1 1 B(3 2 ) , 1 1 C(64 ) :  
16F ( 6 4 ) , 1 6  A(32 )
118 1024) 11 F ( 2 5 6 ) ,11A(6 4 ) , 1 1C(1 0 2 4 ) :16A(4)
12 F 512) 12 A (512 )
12A 1024) 12 F(1024)
14 1024) 15F(64)
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15B (1024)  
17F (1024)  
17A (>2000)  
18F (>2000)
18A (512)
18B (512)
18C (1024)
19F (32)
19A (64)
19C (128)
20 (32 )
22F (256)  
22A (64)
23F (>2000)
23A (512)
1 5 F ( 3 2 ) , 1 5 A ( 1 6 ) , 1 5 0 ( 2 5 6 ) :  23A(32)  
17 A(1024)
17F(1024 ) : 23A(1 6 ) , 4 1 A ( 128)
18A{1 2 8 ) , 1 8 6 ( 1 2 8 ) , 1 8 0 ( 5 1 2 ) :
7 0 ( 4 ) , 2 0 ( 4 ) , 2 3 F (4 ) , 2 3 B (2 )
18F(1 2 8 ) , 18 B(64 ) ,1 80 (32 )  :
2 3 F ( 4 ) ,23B(4)  , 3 1 (2 )
18 F ( 5 12 ) , 18 B( 51 2 ) ,  180(512)  : 
2 3 F ( 8 ) , 2 3 B ( 8 ) , 8 ( 2 ) , 1 1 A ( 2 ) ,  
1 5 A ( 2 ) 1 6 F ( 2 ) , 1 9 A ( 2 ) , 2 1 ( 2 )  ,22F(2 )
18F(1024 ) ,  18 A(256 ) , 18B(128 ) : 
70 (32 )  , 9 L ( 4 ) 1 1 A ( 8 ) , 1 1 0 ( 8 ) , 1 6 F ( 8 ) ,
1 6 A ( 8 ) , 20(16")'721(4"),22F(B)' , ------------
33"A(32) ,42 (FT --------------------
19A(16 ) , 19B(4) , 1 9 0 ( 4 )
19 F ( 1 6 ) , 1 9 8 ( 8 ) , 1 9 0 ( 8 )
1 9 F ( 2 ) , 1 9 A ( 8 ) , 1 9 B ( 6 4 ) :
7 B ( 3 2 ) , 7 0 ( 4 ) 2 0 ( 3 2 ) , 2 1 ( 3 2 ) ,  
2 2 F ( 3 2 ) , 2 4 F ( 3 2 ) , 3 3 A ( 1 6 )
2 ( 4 ) , 3 1 ( 2 ) , 3 3 A ( 2 ) , 3 6 ( 2 ) , 4 2 ( 2 )
22A(128)  : 2 0 ( 1 6 ) , 31 ( 1 2 8 ) , 3 6 ( 8 )
22F(32)  : 17F(4 )  , 31 (16 )
23A( 1 2 8 ) ,23B(128)  :
2 4 A ( 1 6 ) , 3 2 ( 6 4 ) , 41A(32)
2 3 F (6 4 ) ,  2 3 B (8 )  :
15F(4)  , 1 5 A ( 1 6 ) , 1 5 B ( 3 2 ) , 1 5 0 (3 2 ) ,  
2 2 A ( 4 ) , 3 2 ( 4 ) , 4 2 ( 8 )
(a )  = t i t r e  of  re ac t ion  wi th homologous type .
Types under l ined in d i ca te  a c r os s - r ea c t io n  not  
prev ious ly  reported (Morch, 1943) .
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Serotyping of c l i n i c a l  i s o la t e s
The r e s u l t s  of c o -a g g lu t i n a t i o n  and capsular  
reac t ion  t e s t  on 99 c l i n i c a l  i s o la t e s  of S.pneumoniae 
are shown in Table 9.  These s t r a i n s ,  which depend on 
f a c t o r  sera f o r  d i f f e r e n t i a t i o n ,  belonged to groups 
which are represented in the 23 va len t  pneumococcal  
vaccine.  The capsular  reac t ion  t e s t  was c a r r i e d  out  
independent ly by Dr.  J.  Hendrichsen,  using f a c t o r  se ra ,  
at  the Statens S e r u m i n s t i t u t , Copenhagen, Denmark. The 
c o -a g g lu t i n a t i o n  t e s t  was c a r r i e d  out using f a c t o r  sera  
prepared by absorpt ion of type an t i s e ra  (method 1) and 
group an t i s e ra  a f t e r  absorpt ion wi th d i f f e r e n t  types  
wi th in  the group (method 2 ) .  The r e s u l t s  ( Table 9 )  show 
a concordance wi th the capsular  reac t ion  of 100% f o r  
method 1 and 94% f o r  method 2.  However, group 9 
antiserum (method 2) f a i l e d  to d i s t i n i g u i s h  types 9A and 
9V by c o - a g g l u t i n a t i o n .
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Table 9:
Concordance of co-agglutination and capsular reaction  
in typing c l in ic a l  isolates of Streptococcus pneumoniae.
number of s t r a in s  typed number of  s t ra in s  
TYPE by c o -a g g l u t i n a t i o n  t e s t  confi rmed by
capsular  reac t ion
Method 1. Method 2.
6A 4 4 4
6B 12 12 12
7F 8 8 8
7C 2 2 2
9N 5 5 5
9 A 2 unable to d i f f e r e n t i a t e 2
9 V 4 types 9A and 9V 4
10F not done 2 2
10A not done 1 1
11A not done 2 2
11B not done 2 2
12F 6 6 6
15F not done 1 1
15A not done 2 2
15B not done 2 2
15 C not done 1 1
18F 1 1 1
18A 1 1 1
18C 6 6 6
19F 8 8 8
19A 6 6 6
19 C 1 1 1
22F not done 4 4
22A not done 1 1
23F 9 9 9
23A 4 4 4
33F not done 2 2
Total  79 93 99
Method 1= fac tor  sera prepared from t y p e - s p e c i f i c
a n t is e ra
Method 2= fac tors  remaining in group an t i s e ra  a f t e r  
absorpt ion wi th d i f f e r e n t  types w i t h i n  a group
149
Analysis of the an t i g e n ic  s t ru c tu re  of se lected s t ra in s  
of Streptococcus pneumoniae using the c o - a g g lu t i n a t i o n  
t e s t .
The c o - a g g lu t in a t io n  reac t ions given by c e r t a in  
se lected s t ra in s  of S.pneumoniae, tes ted  wi th reagents  
prepared from group a n t is e ra  a f t e r  absorpt ion wi th  
d i f f e r e n t  types w i t h in  the group,  are shown in Table 10.  
These formed the typing scheme used to i d e n t i f y  c l i n i c a l  
i s o la t e s  by c o - a g g lu t in a t io n  method 2 (Table 9)  and 
showed some unexpected and p rev iously  unreported  
r e s u l t s .  For example,  c o - a g g l u t i n a t i o n ,  c a r r i e d  out wi th  
group 7 ant iserum absorbed wi th type 7A and tes ted  
against  type 7F, showed evidence of  an an t i g e n ic
s t ru c tu re  d i f f e r e n t  from t h a t  reported by Lund and
Henrichsen (1 978 ) .  I f  the accepted an t ig en ic  formulae  
of types 7F (7a ,7b )  and 7A ( 7 a , 7 b , 7 c )  were c o r r e c t ,  
absorpt ion of group 7 ant iserum wi th type 7A should have 
depleted the serum of ant ibody which reacts wi th type  
7F : however i t  did not do so. This anomaly was
i n v e s t ig a t e d ,  by c o - a g g l u t i n a t i o n ,  in t e s ts  wi th types  
7F and 7A a n t i s e r a .  The r e s u l t s  are recorded in d e t a i l  
in Table 11 :
Table 11a shows t h a t  absorpt ion of  type 7F ant iserum  
with types 7A,7B or 7C did not completely dep le te  type  
7 F ant iserum of homologous ant ibody .  The type 7F
antiserum absorbed wi th type 7B and type 7F ant iserum  
absorbed wi th type 7C were f u r t h e r  absorbed wi th type  
7A and r e - t e s t e d  against  types 7F and 7A (Table 11b) .
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These sera were now s p e c i f i c  f o r  type 7F and t h e r e fo re  
confirmed t h a t  types 7F and 7A have a common an t igen .  
F i n a l l y  type 7A ant iserum was tes ted against  types  
7F,7A,7B and 7C a f t e r  absorpt ion wi th each of the types  
(Table 11c) .  The r e s u l t s  confi rm t h a t  type 7A antiserum 
contained the expected f a c to rs  (7a ,7b  and 7c) and 
t h e r e f o r e  t h a t  those were contained on the type 7A 
s t r a i n  used to prepare the ant iserum.  Table 10 also  
shows t h a t  i n d iv id u a l  serotypes w i t h in  a serogroup are  
a n t i g e n i c a l l y  d i s t i n c t .  Thus, when a group ant iserum,  
which is prepared in ra bb i ts  wi th a vaccine composed of  
a l l  types w i t h in  a group,  is absorbed wi th a p a r t i c u l a r  
t y pe ,  in most cases ant ibody remains which reac ts  in 
c o - a g g lu t in a t io n  t e s t s  wi th the other  types .
151
Table ^0:
Co-agglutination reaction of group antiserum absorbed 
with individual types of pneumococci contained within  
the group (Smart and Henrichsen , 1986)„
Antiserum Serotype used C o- agg lu t in a t ion  re ac t ion
group f o r  absorpt ion wi th istandard types
6A 6B
6 6A - +
6 6B + -
7F 7A 7B 7C
7 7F - + + +
7 7 A + - + +
7 7B + + - +
7 7C + + + -
9N 9A 9 V 9L
9 9N - + + +
9 9 A + - - +
9 9 V + - - +
9 9 L - + +
10F 10A
10 10F - +
10 10A + -
11 F 11A 11 B 11C
11 11 F - + + +
11 11A + - + +
11 11 B + + - +
11 11 C + + + -
12F 12A
12 12F - +
12 12A - -
15 F 15A 15B 15C
15 15F - + + +
15 15A + - + +
15 15B + + - +
15 15 C + + + -
17F 17A
17 17F -
17 17A + -
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18F 18A 18B 18C
18 18F - + + +
18 18A + - + +
18 18B + + - +
18 18C + + - -
19F 19 A 19B 19C
19 19F - + + +
19 19A + - + +
19 19B + + - +
19 19C + + + -
22F 22A
22 22F +
22 22A + -
23F 23A 23B
23 23F - + +
23 23A + - +
23 23B + + -
33F 33A 33B 33C
33 33F - + + +
33 33A - - + +
33 33B + + - +
33 33C + + + -
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Table 11:
Analysis of the an t ig en ic  s t r u c tu r e  of  Streptococcus  
pneumoniae type 7F using the c o -a g g lu t i n a t i o n  t e s t .
11a Antiserum to type 7F ( f a c t o r s  7 a , 7 b . )
Standard s t r a in s
Absorbed
wi th type fa c to rs 7F 7A 7B 7C
7F n i l
7A n i l + - -
7B 7b + + -
7C 7b + + • -
l i b Antiserum to type 7F ( f a c t o r s 7 a , 7 b , )
Absorbed
wi th types fa c to r s Standard s t r a i n s
7F 7A
7B and 7A n i l +
7C and 7A ni 1 + -
11c Antiserum to type 7A( fac to rs 7 a , 7 b , 7 c )
Absorbed 
with type fa c to rs Standard s t r a i n s
7 F 7 A 7B 7C
7F
7A
7B
7C
7c 
ni 1 
7b,7c  
7b,7c
+
+ + 
+ +
-
Ant igenic formulae ( Lund and Henr ichsen,1978)
type 7F = 
type 7A = 
type 7B = 
type 7C =
7a,7b  
7a ,7b ,7c 
7 a , 7 d , 7 e , 
7a ,7d , 7 f ,
7h
7g
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Cross -reac t ions of pneumococcal an t i s e ra  in co­
a g g lu t in a t io n  t e s t s  wi th b a c te r i a  other  than pneumococci 
A number of d i f f e r e n t  ba c te r i a  were found to cross-  
reac t  in Kronval l  c o - a g g lu t in a t io n  t e s t s  wi th  
pneumococcal a n t i s e r a .  Table 12 shows the r e s u l t s  of  
c o - a g g lu t in a t io n  wi th pneumococcal t yp ing sera c a r r i e d  
out on 72 s t r a in s  of Streptococcus m i l l e r i  which 
contained d i f f e r e n t  Lance f ie ld  group po lysacchar ide .  The 
42 s t ra in s  which did not reac t  wi th pneumococcal  
a n t i s e ra  were predominately Lance f ie ld  group F : 
conversely ,  23 of 30 c r os s - r ea c t in g  s t r a i n s  were also  
Lance f ie ld  group F. However, 14 of the 23 s t r a i n s  of  
Lance f ie ld  groups C or K reacted wi th pnemococcal  
a n t i s e r a .  Cro ss - re ac t io n s ,  were l i m i t e d  to  6 groups 
(25 s t ra in s  ) of pneumococcal t yp ing sera and of  5 
s t ra in s  to ant iserum to pneumococcal C -p o ly sa cc ha r id e . 
Five of the 9 s t r a in s  of 5 . mi 1l e r i  which reacted wi th  
group 7 ant iserum also reacted wi th f a c t o r  sera to  g ive  
the reac t ions of pneumococcus type 7A -  a ra re  serotype  
of 5 . pneumoniae. The other  4 of the 9 s t r a i n s  reacted  
with group 22 ant iserum as wel l  as group 7 ant iserum but  
the c r os s - r ea c t io n  was not s p e c i f i c  f o r  any of  the types  
w i t h in  groups 7 or 22.  A l l  the s t reptococcal  s t r a i n s  
which reacted wi th group 7 ant iserum were Lanc e f ie ld  
group F. Conversely,  14 s t ra in s  which reacted in the  
c o - a g g lu t in a t io n  t e s t  wi th pneumococcus group 10 
ant iserum,  and inc luding those which reacted wi th  
groups 10 and 35 ant iserum,  reacted wi th st reptococcus
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group K ant iserum in l a t e x  a g g lu t in a t io n  t e s t s ,  al though  
9 also reacted wi th st reptococcus group F ant iserum.
Other b a c t e r i a  which cross- reacted  in c o -a g g lu t i n a t i o n  
t e s t s  wi th pneumococcal a n t is e ra  are shown in Tables 13 
and 14. These were detected in the course of t e s t i n g  
sputum cu l tu res  f o r  pneumococci by c o - a g g l u t i n a t i o n .  
Table 13 records the d e t a i l s  of c ros s - re a c t io ns  wi th  
some s t r a i n s  of  o p t o c h i n - r e s i s t a n t  alpha and non-  
haemolyt ic s t r e p to c o c c i .  The r e s u l t s  show t h a t  4 of  7 
s t ra in s  of S .m i t i s  reacted in t e s t s  wi th ant iserum to  
pneumococcal C-polysacchar ide but not wi th any of the  
typ ing sera .  A l l  6 s t r a i n s  of S . s a l i v a r i u s  reacted wi th  
group 19 pneumococcal ant iserum,  whereas the s t r a i n s  of  
S.sanguis detected gave a range of c r os s - r ea c t i on s  wi th  
a v a r i e t y  of pneumococcal a n t i s e r a .  Table 14 d e t a i l s  
the c r os s - r ea c t i on s  wi th some s t r a i n s  of  
ente robac te r iaceae  i s o l a t ed  from sputa and shows t h a t ,  
with them too ,  many reacted wi th several  pneumococcal  
a n t i s e r a .
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Table 12;
Pneumococcal cross-reactions with strains of 
Streptococcus mi 1le r i  tested by co-agglutination.
Pneumococcal 
Cross -reac t ion  A C F
Lance f ie ld  
C&F K
group
F&K no group
not detected 1 36 5
type 7A 5
group 7 & 22 4
group 10 4 6
group 10 & 35 1 3
type 27 1 1
C-polysacchar ide 1 3 1
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Table 13:
Pneumococcal c r os s - re a c t io ns  wi th  some is o l a t e s  of alpha  
and non-haemolyt ic  r e s p i r a t o r y  s t reptococc i  by co-  
ag g lu t ina t ion^
Pneumococcal
c r os s - r ea c t i o n
organism 
a b c
i d e n t i f i c a t i o n  
d e
C-polysacchar ide 4
type 2 1 1
type 5 1 1
group 7 1
group 10 1
type 16 2
group 18 1
group 19 1 6 1 2 1
type 21 2 1
group 24 2
group 35 2
groups 10&35 2
type 36 1
group 41 1
group 42 2
★
pool E 1 1
a= S . m i t i s  : b= S . s a l i v a r i u s  :c = S.sanguis
d= Lance f ie ld  Group D s t rep tococc i
e= Not i d e n t i f i e d  by API p r o f i l e  
★
These s t r a in s  reacted in the c o - a g g l u t i n a t i o n  t e s t  
with Pool E (Sta tens S e r u m i n s t i t u t ) but not in t e s t s  
with appropr ia te  type a n t i s e r a .
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Table .141
Pneumococcal c r os s - r ea c t io ns  wi th some i s o l a t e s  of  
ente rob ac t e r iac eae  in the c o - a g g lu t in a t io n  t e s t .
Pneumococcal 
c r o s s - r e a c t i  on
a
organism
b
i d e n t i f i c a t i o n  
c d e
type 1 1
type 2 5 1
type 3 3
type 4 1
group 9 3
group 10 1
group 22 6 1
group 32 1
type 36 1
group 41 1
a = E .c o l i
b = K l e b s i e l 1 a pneumoniae
c = K l e b s i e l l a aerogenes
d = K l e b s i e l l a oxytoca
e = Hafnia a lv e i
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3 .1 .2 .  Methods fo r  the detection of pneumococcal 
capsular polysaccharide
Q u a n t i t a t i v e  de termina t ion  of p u r i f i e d  pneumococcal 
capsular  polysacchar ide
Counterimmunoelectrophoresis ( C I E ) ,  c o - a g g l u t i n a t i o n  
(CoA),  l a t e x  a g g l u t i n a t i o n  (LA) and enzyme- l inked  
immunosorbent assay (ELISA) were compared in assays of  
p u r i f i e d  pneumococcal capsular  po lysacchar ides .  The 
s e n s i t i v i t y  of  each method was compared wi th d i f f e r e n t  
pneumococcal a n t is e ra  and compared in te s t s  wi th 21 
pneumococcal capsular  po lysacchar ides .  The r e s u l t s  are  
shown in Tables 15 to 20.
The r e s u l t s  of CIE are shown in Table 15. Capsular  
polysacchar ides of types 7F,14 and 33F could not be 
detected by t h i s  method but the other  polysacchar ides  
t ested reacted at concentrat ions between 60 and 300
ng/ml .  The s e n s i t i v i t y  of  the assay was the same 
regardless of the kind of ant iserum used. Thus, Omni 
serum, which reacts  wi th a l l  83 serotypes of
5 . pneumoniae, was as s e n s i t i v e  as t y p e - s p e c i f i c  a n t i s e r a  
in CIE t e s t s .  The r e s u l t s  of  CoA(K),  wi th a 10%
staphylococcal  suspension ( K r o n v a l l ,  1973) ,  are shown in 
Table 16. A l l  polysacchar ides tes ted  were detected by 
t h i s  method at concentrat ions between 100 and 2 ,000  
ng/ml .  Omni serum was less s e n s i t i v e  than o ther  kinds  
of ant iserum in the CoA(K) t e s t .  For example,  only fo ur  
( types 1 , 2 , 3 ,  and 8)  were detected at  a concent rat ion  of
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300 ng/ml or l es s ,  whereas p o ly v a le n t ,  pools and type  
an t is e ra  detected t o t a l s  of 10,18 and 17 
polysacchar ides r e s p e c t i v e l y .  However, the CoA(T) t e s t  
which used a 2% staphylococcal  suspension ( T r o l l f o r s  e t  
a l . , 1983) was more s e n s i t i v e  (Table 17) and detected
polysacchar ides at  concentrat ions between 20 and 500 
ng/ml .  The r e s u l t s  of LA, which are shown in Table
18, in d ic a te  t h a t  LA has a s i m i l a r  l eve l  of  s e n s i t i v i t y  
to CoA(T).  A summary to compare the s e n s i t i v i t y  of the  
th ree  methods (CIE,  CoA and LA) to ge ther  wi th the  
d i f f e r e n t  kinds of ant iserum used are shown in Table
19. The re s u l t s  are expressed as the number of  d i f f e r e n t  
polysacchar ides detected by each method at  d i f f e r e n t  
threshold  concentrat ions i . e .  300,  100 and 20 ng/ml .  I t  
can be seen th a t  the s e n s i t i v i t y  of methods f o r  the  
de tec t ion  of pneumococcal capsular  po lysacchar ide  
var ied with the d i f f e r e n t  an t i s e ra  and the way in 
which they were used. LA and CoA(T) ( i . e .  wi th a 2% 
staphylococcal  suspension) were more s e n s i t i v e  than CIE:  
CoA(K) (using a 10% staphylococcal  suspension) on the  
other  hand, was the l eas t  s e n s i t i v e  method. Omni serum 
and po lyv a le n t  serum were as s e n s i t i v e  as pools and 
t y p e - s p e c i f i c  an t is e ra  in CIE,  CoA(T) and LA t e s t s  
when the concent ra t ion  of polysacchar ides was g r e a t e r  
than 100 ng/ml : Types 7F,14 and 33F were not detected  
by CIE.  However pools and t y p e - s p e c i f i c  a n t i s e r a  
detected a l a r g e r  number of polysacchar ides when the  
concentrat ion of  polysacchar ide was less than 100 ng /ml .
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Table 15:
Se n s it iv i ty  of counterimmunoelectrophoresis (CIE).
Detect ion of p u r i f i e d  pneumococcal capsular  
polysacchar ide by d i f f e r e n t  a n t i s e r a .
Polysacchar ide Antiserum
concentrat ion
ng/ml Omni po lyv a len t  pools type
serotype of capsular  polysacchar ide  
60 3 3
80 1 , 3 , 1 ,3 , 1 5
100 2 , 5 ,6B ,8 ,
10A,1 5B, 18C , 
22F,23F
2 ,5 ,6B ,8 , 
15B, 18C
2 ,5  ,6B ,8 , 
15B, 18C
1 ,2 ,6B ,8 
11A,1 5B, 
18C ,20
200 4 ,9N , 11A, 
12F, 17F, 
19F,20
4 .9N.10A,
17 F , 19F 
20 ,22F ,23F
4 ,9N , 10A,
12F , 19F , 
20 ,22F ,23F
4 ,9N , 10A , 
12 F , 19F , 
22F.23F
300 11A, 12 F 11A,1 7F 17F
not de te c ta b le  at  1000 
7F , 1 4 , 33F
ng/ml  
7F , 1 4 , 33F 7 F , 14 ,33F 7 F , 14 ,33F
Omni serum (Statens S e r u m i n s t i t u t , Copenhagen) reac ts  
with 83 serotypes of S.pneumoniae.
Polyva lent  serum reacts  wi th 23 serotypes of
S.pneumoniae represented in the 23 va len t  pneumococcal  
vaccine.
Pools The d i f f e r e n t  polysacchar ides were tes ted  in 
groups aga inst  the appropr ia te  pool as shown below :
Types 1 , 2 , 4 , 5 , 1 8 C  -  pool A.
Types 3 ,6B ,8 , 19F - pool B.
Types 7 F ,20 -  pool C.
Types 9N , 11A - pool D.
Types 10A, 12F ,33F -  po oF E .
Types 17F,22F -  pool F.
Types 14 , 1 5B ,23F -  pool H.
Type was homologous t y p e - s p e c i f i c  ant iserum.
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Table 16:
S e ns it iv i ty  of co-agglutination (Kronva l l ,1973)-  CoA(K).
Detect ion of p u r i f i e d  pneumococcal capsular
polysacchar ide by d i f f e r e n t  a n t i s e r a .
Polysacchar ide
concentrat ion
Ant iserum*
ng/ml Omni po lyv a le n t pools type
serotype of capsular  po lysacchar ide
100 2 , 5 , 18C 1 , 2 , 3 , 4 ,  
5 , 8 , 18C
1 , 2 , 3 , 5 ,  
6B,8
200 1 , 2 ,3 1 ,3 ,6B ,8 , 
19F
6 B ,7 F , 12 F , 
15B , 19F,20 ,  
22F,23F
12F, 15B, 
20,  2 2 F , 
33F
300 8 4,14 9N, 14 ,23F 4 ,11 A,
17F , 18C, 
19F.23F
400 5,20 12 F ,20 11A 7F.9N.14
500 6B ,7F , 11A, 
15BJ8C,  
19F ,22F
15 B , 2 2 F
1000 4 ,9N,1 0A, 
14 ,23F,33F
7 F ,9N , 10A , 
11A, 3 3 F
10A 10A
2000 12F, 17F 17F ,23F 17 F
*
used as in Table 15.
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Table 17:
S e ns it iv i ty  of co-agglutination (T ro l l fo rs  et a l . , 
1983 )-CoA(T).
Detect ion of p u r i f i e d  pneumococcal capsular  
polysacchar ide by d i f f e r e n t  a n t i s e ra .
Polysaccharide
concent ra t ion
Ant iserum*
ng/ml Omni po lyva len t pools type
serotype of capsular  polysacchar ide
20 2 ,3 1 ,2 ,3 ,6B 
12F.18C
2 , 3 , 1 2F
40 3 1 , 5 , 8 4 . 5 . 7 F ,
8 ,14 , 19F 
22F ,33F
5 , 6 B , 7 F , 
8 , 1 1 A,14 
20 ,22F ,23
60 ■1,2 ,5 ,
18C,15B
4 ,6 B ,7 F ,
14 , 15B, 19F
9N,11A, 
15B ,20
1 ,4 , 1 5B , 
17F, 18C,19
80 11A ,20 12 F , 18C 23F 9N,33F
100 4 , 8 , 1 4 ,
19F
11A,20 ,33F
200 6B,7F,9N,  
1OA,22F, 
23F,33F
9N , 10A ,22F 10A,17F 10A
300 12 F
400 1 7 F
500 23F , 1 7F
*
used as in Table 15.
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Table 18:
S ens it iv i ty  of latex agglutination (LA).
Detect ion of  p u r i f i e d  pneumococcal capsular  
polysacchar ide by d i f f e r e n t  a n t i s e ra .
Polysacchar ide Ant iserum*
concentrat ion
ng/ml Omni po lyv a len t  pools type
serotype of capsular  po lysacchar ide
20 2 , 3 , 1 8 0 , 2 0 2 ,3 ,6B ,9N , 
12F.18C,  
19F
2 ,3 , 6B , 
12F.14 ,  
23F
40 2 , 3 , 2 0 .  
22F ,23F
1 ,4 ,5 , 7F , 
8 ,14 , 17F , 
19F.22F,  
23F
1 ,4 ,5  ,7F 
8 , 1 1 A,14 , 
15B, 1 7 F , 
20 .22F ,  
23F.33F
4 , 5 ,7F ,8 
9N,1 1A, ,  
15B.17F,  
19F.22F,  
33F
60 1 ,5 , 1 5B 15B 1 ,180,20
80 11 A, 18C 11A.12F
100 4 , 8 , 19F 6B,9N
200 6B.7F,
1OA,14,
17F
10A, 33F 10A 10A
300 9N,1 2 F , 
33F
*
used as in Table 15.
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Table 19:
Summary of  r e s u l t s  in Tables 15-18:
Comparative s e n s i t i v i t y  of  counter immunoelectrophoresis  
( C I E ) ,  c o - a g g l u t i n a t i o n  (CoA) and l a t e x  a g g l u t i n a t i o n  
(LA) in t e s t s  wi th d i f f e r e n t  kinds of pneumococcal  
a n t i s e r a .
Total  number of capsular  polysacchar ides detected at  a
concentrat ion of  300 ng/ml *
Omni
Antiserum
po lyva len t pools type
CIE 18 18 18 18
CoA(K) 4 10 18 17
CoA(T) 19 19 21 21
LA 21 21 21 21
Total  number of capsular  polysacchar ides detected at
concentrat ion of 100 ng/ml
*
Omni
Antiserum 
po lyv a le n t  pools type
CIE 11 8 8 10
CoA(K) n i 1 3 7 6
CoA(T) 12 16 19 20
LA 13 19 20 20
Total  number of capsular  polysacchar ides detected at
concentrat ion of 20 ng/ml
*
Antiserum 
Omni po lyva len t pools type
CIE n i 1 n i 1 n i l n i l
CoA(K) ni 1 n i l n i l n i 1
CoA(T) ni 1 2 6 3
LA n i l 4 7 6
*  used as in Table 15 •
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The r e s u l t s  of ELISA t e s t s  are shown In Table 20.  Omni 
serum and the po lyv a le n t  serum did not reac t  in ELISA 
t e s ts  wi th concentrat ions of pneumococcal capsular  
polysacchar ides less than 50 ng/ml .  Antiserum pools 
detected concentrat ions  of 20 ng/ml or less wi th 18 of  
21 polysacchar ides and 14 of these were detected at  a 
concent rat ion  of 10 ng/ml or l ess .  S i m i l a r l y ,  t y pe -  
s p e c i f i c  a n t i s e ra  detected 17 of  18 polysacchar ides at  
20 ng/ml and in the case of 15 of these ,  at  a 
concent ra t ion  of  10 ng/ml or less.
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Table 2 0 :
S e n s i t i v i t y  of  enzyme- l inked immunosorbent assay.  
Detect ion of p u r i f i e d  pneumococcal capsular
polysacchar ide by d i f f e r e n t  a n t i s e r a .
Polysacchar ide
concentrat ion
Ant iserum*
ng/ml Omni po lyv a len t  pools type
serotype of capsular  polysacchar ide
1-5 1 , 2 , 3 , 4 , 5  
6B, 12F, 15B, 
18C
1 ,3 ,4 ,6B ,7F 
8 , 1 5B , 18C, 
19F 2 0 , 23F
5-10 7F ,9N , 11A, 
14 , 18C, 19F
12F.14.17F  
22F ,33F
10-20 8 , 1 7 F ,20 , 22F 9N , 11A
20-50 10A, 23F , 33F 10A
NR NR
types 2&5 
not tested
NR= no 
★
reac t ion at  a concentrat ion of less than 50 ng/m
used as in Table 15.
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Q u a n t i t a t i o n  o f  pneumococca l  c a p s u l a r  p o l y s a c c h a r i d e  and
v ia b le  ba c te r i a  in broth cu l tu res  of Streptococcus  
pneumon i ae .
S tra ins  of S.pneumoniae, which represented 8
d i f f e r e n t  t ypes ,  were inoculated into blood cu l t u re
b o t t l e s  (Bactec 6B) .  Five ml of  pneumococci d i l u t e d ,  in
d e f i b r i n a t e d  sheep blood,  to a concentrat ion of 20
cfu/ml  was used as the inoculum. Broths were incubated  
o
at  37 C on a metabol ic  shaker and sampled each hour f o r
ten hours.  Samples were tested  f o r  t o t a l  v i a b le  count
(Mi les  and Misra )  and by l a t e x  a g g l u t i n a t i o n  f o r
pneumococcal capsular  an t igen .  Ant igen concent rat ion  was
determined from the re s u l t s  of  l a t e x  a g g l u t i n a t i o n  t e s t s
car r i ed  out on doubl ing d i l u t i o n s  of the broth
supernatant  and 1 ug/ml concentrat ions of  p u r i f i e d
pneumococcal capsular  polysacchar ide ,  of  the same t y pe ,
tes ted  in p a r a l l e l .  Table 21 shows the number of
v i ab le  pneumococci when the concentrat ion of ant igen in
the broth was 1 ug/ml .  The r e s u l t s  show t h a t  between 
5 9
10 and 10 cfu/ml  of v ia b l e  pneumococci were 
requi red to produce 1 ug/ml of f r e e  capsular
polysacchar ide in the growth medium and t h a t  t h i s
depended on the capsular  type of the pneumococcus.
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Table 2 1 :
Q u an t i t a t io n  of  pneumococcal capsular  polysacchar ide in 
r e l a t i o n  to the number of  v i a b le  b a c te r ia  in broth  
cu l tu res  of  se lected s t ra in s  of  Streptococcus
pneumoniae.
Pneumococcal
type
*
Numbers of v ia b l e  b a c te r i a  ( c f u / m l )  in 
broth cu l tu res  conta ining 1ug/ml of  
pneumococcal polysacchar ide
1 7 X
6
10 cfu/ml
3 5 X
5
10 cfu/ml
4 1 X
7
10 cfu/ml
5 4 .5  X
8
10 cfu/ml
6B 5 X
8
10 cfu/ml
7 F 2 .5  X
7
10 cfu/ml
8 1 X
8
10 cfu/ml
10 A 7 X
8
10 cfu/ml
*
Determined by Mi les and Misra method.
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3 . 1 . 3 .  Determinat ion of  pneumococcal an t ibod ies  by
i n d i r e c t  immunofluorescence assay
In d i r e c t  immunofluorescence assay ( IFA)  was used to  
measure pneumococcal an t ibodies  in human sera .
Pre l im inary  s tud ies ,  showed th a t  most human sera
contained ant ibody to pneumococcal C -po lysac ch ar id e . 
Figure VI shows the ex ten t  of  f luorescence obtained  
when pooled normal human serum, d i l u t e d  1 :2 ,  1 :8 ,  1:32
and 1:128 was tested  wi th a suspension of a mutant  
s t r a i n  of  S.pneumoniae (CSR,SC S-2 clone 1) t h a t  
produces a capsule composed of C -polysacchar ide .  Figure  
V I I  shows the degree of f luorescence obtained in 
equ iv a len t  t e s ts  wi th a suspension of S.pneumoniae type  
8.  However, a f t e r  the serum was absorbed wi th a 
suspension of the C-mutant s t r a i n ,  the l ev e l  of  
f luorescence with the type 8 s t r a i n  was reduced ( F i g .  
V I I I ) .  D i f f e rences  in the ex ten t  of  f luorescence  
obtained wi th pooled human re ference serum, undi lu ted  
and a f t e r  d i l u t i o n  1 :2 ,  1:4 and 1:8 in t e s t s  wi th
S.pneumoniae types 9N and 8 are shown in Figures IX and 
X r e s p e c t i v e l y .  These t e s ts  were ca r r i ed  out a f t e r  the  
serum had been absorbed wi th the C-mutant s t r a i n  and 
show t h a t  the i n t e n s i t y  of pe r ip he ra l  f luorescence of  
the b a c te r i a  was p ropor t iona l  to the antibody content  of  
the serum. This demonstrates t h a t  the IFA t e s t  can 
d i s t i n g u i s h  between ant ibody to pneumococcal C- 
polysacchar ide and ant ibody to pneumococcal capsular
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Figure V I :
Fluorescence obtained wi th normal pooled human serum 
tested wi th a suspension of a mutant s t r a i n  of  
Streptococcus pneumoniae (CSR,SC S-2 clone 1) th a t  
produces a capsule composed of C-polysacchar ide .
D i l u t e d  1: 2  D i l u t e d  1:8
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Figure V I I :
Fluorescence obtained wi th normal pooled human serum 
t ested wi th a suspension of Streptococcus pneumoniae 
type 8.
Di lu ted 1:2 D i lu ted  1:8
Di luted 1 :32 D i lu ted  1:128
Fluorescence obtained wi th normal pooled human serum 
tested wi th a suspension of Streptococcus pneumoniae 
type 8 a f t e r  absorpt ion wi th a suspension of  the C- 
mutant s t r a i n .
Figure I X :
Fluorescence obtained wi th  
t es ted  wi th a suspension 
type 9N a f t e r  absorpt ion  
C-mutant s t r a i n .
Und i 1uted
pooled human re ference  serum 
of Streptococcus pneumoniae 
with a suspension of the
D i 1uted 1 :2
Figure X_:
Fluorescence obtained wi th  
t ested wi th a suspension 
type 8 a f t e r  absorpt ion  
mutant s t r a i n .
Und i l u te d
pooled human re fe rence  serum 
of Streptococcus pneumoniae 
with a suspension of the C-
D i lu ted  1 :2
Di lu ted 1 :4 D i 1uted 1 :8
po lysacchar ide .  Thus, t y p e - s p e c i f i c  ant ibody reacts  wi th  
the capsular  polysacchar ide  mate r ia l  wi th f luorescence  
located at  the per iphery  of  the b a c t e r i a l  c e l l .  In 
cont ras t  ant ibody to pneumococcal C -po lysacchar ide ,  
which is s p e c i e s - s p e c i f i c  r a t h er  than t y p e - s p e c i f i c ,  is 
located on the c e l l  wal l  and re s u l t s  in s t a i n i ng  of the  
whole bacter ium.  Although IFA d i s t ingu ished  between 
t y p e - s p e c i f i c  ant ibody and ant ibody to pneumococcal C- 
p o ly s ac c ha r i d e , the ex ten t  to which pneumococcal C- 
polysacchar ide ant ibody a f f e c t s  the de tec t ion  of low 
l e v e l s  of t y p e - s p e c i f i c  ant ibody could not be p r e d i c t e d .  
Therefo re ,  in c l i n i c a l  s t ud ie s ,  a l l  sera were absorbed 
with the C-mutant s t r a i n  before t i t r a t i o n  of  t y p e -  
s p e c i f i c  pneumococcal ant ibody .
A re p r e s e n t a t i v e  number of r a b b i t  pneumococcal  
a n t is e ra  were t i t r a t e d  against  suspensions of  
homologous pneumococci by the standard capsular  r e a c t i o n  
t e s t  and immunofluorescence. Antibody t i t r e s  by the  
immunofluorescence assay ranged from 100 to 2000 t imes  
g r e a t e r  than by the capsular  reac t ion  t e s t  (Table  2 2 ) .
In t e s t s  c a r r i e d  out on human pneumococcal re fe re nc e  
serum, the ant ibody t i t r e s  by immunofluorescence,  f o r  
types other  than 1 and 12F, co r r e la te d  wi th the r e s u l t s  
of radioimmunoassay (Table 2 3 ) .
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Table 22:
Comparison of  t i t r e s  of  pneumococcal an t i s e ra  by 
capsular  r ea c t ion  t e s t  (CRT) and i n d i r e c t
immunofluorescence assay. ( IFA)
Antiserum CRT IFA
T i t r e *  aga inst  homologous type
1 16 32,000
3 32 32,000
4 512 64,000
68 64 64,000
7F 64 >64,000
8 32 8 ,000
9N 32 2,000
9 V 32 16,000
10 64 64,000
11A 64 16,000
12F 64 >64,000
14 128 32,000
15 B 128 16,000
17 F 128 32,000
18C 64 16,000
19F 4 4,000
19A 16 8,000
20 8 2,000
22F 16 4,000
23F 128 32,000
33F 32 16,000
*
T i t r e s  expressed as the r ec ip roc a l  of  the h ighest  
d i l u t i o n  g iv ing  a p o s i t i v e  re ac t ion  wi th a suspension 
of homologous type which had been t r e a te d  wi th  
formaldehyde and heat .
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Table 23:
Antibody l e v e l s  of  human pneumococcal refe rence  serum 
c a r r ie d  out on f i v e  occasions : Comparison of
radioimmunoassay ( RIA) and i n d i r e c t  immunofluoresence 
assay ( I F A ) .
Geometric mean 
Pneumococcal RIA* IFA t i t r e $
type (ng Ab N/ml serum) ( range)
1 1472 4 .6 ( 4 - 8 )
2 1170 13.9 (8 -1 6 )
3 461 2 .0 ( u n d i l u t e d - 4 )
4 2405 13.9 (8 -3 2 )
5 2873 48.4 (3 2 - 6 4 )
6B 1338 16.0
7F 512 4 .6 ( 4 - 8 )
8 1419 8 . 0
9N 973 9 .3 (4 -1 6 )
9 V 1160 7.0 ( 4 - 8 )
10A 2715 27.8 (1 6 -3 2 )
11A 2152 10.5 (8 -1 6 )
12F 2544 3 .0 (2 -4 )
14 1144 10.5 (4 -1 6 )
15B 1960 27.5 (1 6 -32 )
17F 1848 32
18C 1944 18.4 (8 -3 2 )
19F 429 4
19A 1831 21 .0 (1 6 -3 2 )
20 1527 27.8 (1 6 - 3 2 )
22F 2421 32
23F 1038 5.3 (4 - 8 )
33F 2352' 16.0 (8 -3 2 )
*
Radioimmunoassay performed by the l ab ora to ry  of  G.
Schiffman 2 5 / 3 / 8 5 .
$
Immunofluorescence t i t r e  is the re c ip ro c a l  of  the  
highest  d i l u t i o n  of the serum g iv ing  a one plus  
per iphera l  f luorescence wi th the homologous pneumococcal 
type which had been t r e a te d  wi th formaldehyde and he a t .
174
The s c a t t e r  diagram (F igure  XI ) confi rms the  
c o r r e l a t i o n  between IFA and RIA and th a t  the IFA 
showed a dose-response curve.  For example,  an IFA t i t r e  
of 1:4 represented approximately 500 ng Ab N /m l , 
whereas t i t r e s  between 1:4 and 1:16 corresponded to  
l eve ls  of 1,000 to 1,500 ng Ab N/ml .  T i t r e s  above 1:16 
g e ne r a l l y  ind ica ted an ant ibody l ev e l  g r e a t e r  than 
1,500 ng Ab N/ml .  However, the s e n s i t i v i t y  of  the IFA 
var ied wi th serotype.
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S ca t te r  diagram showing the c o r r e l a t i o n  between 
immunofluorescent assay and radioimmunoassay.
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3 . 2 .  METHODS FOR THE LABORATORY EXAMINATION OF SPUTUM.
3 .2 .1  Visual  examinat ion
Specimen eva lua t ion
C e l l u l a r  ma te r ia l  in 407 specimens of  sputum was 
assessed macroscopica1ly and m ic r o sc o p ic a l l y .  The l a t t e r  
was ca r r i ed  out on f i lms ,  of  homogenised sputum sta ined  
with 0.05% cr ys ta l  v i o l e t  and Gram's s t a i n .  The 
microscopic appearance of a number of d i f f e r e n t  c e l l  
types which were sta ined wi th 0.05% c r ys ta l  v i o l e t  are 
i l l u s t r a t e d  in Figures X I I  to  X V I I .  Ce l ls  which 
or ig in a t e d  from the r e s p i r a t o r y  t r a c t  were sta ined wi th  
cr y s ta l  v i o l e t  and were i d e n t i f i e d  by t h e i r  
morphological  c h a r a c t e r i s t i c s .  However, pus c e l l s  and 
red blood c e l l s  were not stained by c r y s ta l  v i o l e t  at  
the concentrat ion used. Thus, reac t ion  wi th c r y s ta l  
v i o l e t  s t a i n  d is t ingu ished  broncho-pulmonary and pus 
c e l l s .  Specimens of sputum were categor ised (groups 1 
to 6) subject  to the numbers and type of c e l l s  seen in 
f i l m s  stained wi th c r ys ta l  v i o l e t .  The s c a t t e r  diagrams 
(F igures X V I I I  and XIX)  show the c o r r e l a t i o n  between 
macroscopic and Gram f i l m  assessment compared wi th  
assessment of c r y s ta l  v i o l e t  sta ined f i l m s .  These show 
the general  t rend but c l e a r l y  demonstrate th a t  w i t h in  
c e r t a i n  c r y s ta l  v i o l e t  groups there  is poor c o r r e l a t i o n .
The d e t a i l s  of subgroups are def ined in Tables 24 and 
25.  Consequently,  91 specimens were puru len t  (groups 1 
and 2 ) ,  188 contained a preponderance of broncho-
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Figure X I I :
A pulmonary macrophage stained wi th 0.05% cr ys ta l  
v i o l e t .
Figure X I I I :
Squamous e p i t h e l i a l  c e l l s  stained wi th 0.05% c r y s ta l  
v i o l e t .
Figure X I V :
Bronchial  e p i t h e l i a l  c e l l s  stained wi th 0.05% cr y s ta l  
v i o l e t .
w
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Figure XV:
Pus c e l l s  in sputum showing no reac t ion  wi th  
c r y s t a l  v i o l e t .
W
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Figure XVI :
D i f f e r e n t i a l  s t a in i n g  of broncho-pulmonary c e l l s  and 
pus c e l l s  wi th 0.05% c r y s t a l  v i o l e t .
Figure X V I I :
Crysta l  v i o l e t  s t a i n  showing a sputum which i« 
contaminated wi th oropharyngeal  m a t e r i a l .
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Figure XIX:
Correlation between Gram f i lm  and crystal  
microscopic assessments of sputum.
> 1 0  pus 
cel Is
5“ 10 Pus
cells
f—
Z
LU
CO
CO
LU
CO
CO
<
Lu
<o'
O
*  5 Pus 
cells
<  5 pus
cells &  
squamous 
epithelial 
cells
squamous
ep ithe lia l
cells
v io le t
6 5 4 3 2 & 1
CRYSTAL VIOLET ASSESSMENT
Figure X V I I I :
Correlation between macroscopic appearance and crystal  
v io le t  microscopic assessments of sputum.
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pulmonary c e l l s  and were categor ised as lower  
r e s p i r a t o r y  secret ions  (groups 3 and 4) and squamous 
e p i t h e l i a l  c e l l s  predominated in 126 (Groups 5 and 6 ) .
Numbers of specimens in each category which resu l ted  
from macroscopic examinat ion were compared wi th c r y s t a l  
v i o l e t  assessment in Table 24.  The r e s u l t s  showed t h a t  
macroscopic and c r y s ta l  v i o l e t  assessments agreed in 
211 of 407 specimens but 15 specimens, which were 
categor ised as c r y s ta l  v i o l e t  groups 1 and 2 ,  did not  
appear purulen t  when examined m ac ro sc op ica l l y . 
Macroscopic appearance did not in d i ca te  the presence of  
s a l i v a r y  m at e r ia l  in 88 specimens which were c l a s s i f i e d  
in groups 5 and 6 by c r y s ta l  v i o l e t  microscopy.  Gram's 
s ta in  and c r y s ta l  v i o l e t  assessments agreed in 247 of  
407 specimens ( Table 2 5 ) .  Eighty s ix  of 91(95%)  
puru lent  specimens ( c r y s ta l  v i o l e t  groups 1 and 2 )
were i d e n t i f i e d  by Gram's s t a i n .  However, 67 
discrepancies between the two methods were observed; in 
38 specimens (groups 5 and 6)  a preponderance of  
broncho-pulmonary c e l l s  were recorded as pus c e l l s  in 
companion Gram's stained smears and a f u r t h e r  29 
specimens (groups 3 and 4)  were i n c o r r e c t l y  assessed 
in Gram stained f i l ms  because broncho-pulmonary c e l l s  
were not d is t inguished  from squamous e p i t h e l i a l  c e l l s  in 
Gram f i l m s .
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Table 24 :
Comparison of  macroscopic appearance wi th microscopic  
ev a l u a t io n  of  homogenised sputum stained wi th 0.05% 
c r y s t a l  v i o l e t .
Crysta l  v i o l e t assessment groups
*
Macroscopic
appearance
1 2 3 4 5 6
numbers of specimens
Purulent 12 1 5 1 ni 1 ni
mucopuru len t 60 3 39 19 14 3
mucoid 14 1 40 55 46 25
muco id /sa l iva n i l ni 1 5 16 8 6
sa l i v a ni 1 ni 1 2 6 9 17
*
Crysta l  v i o l e t  assessment c a r r i e d  out wi th 0.05% 
c r ys ta l  v i o l e t  s ta in  and f i l m s  examined at  X 400 
m agn i f i ca t ion
Group 1 = more than 10 pus c e l l s  per high power f i e l d .  
Group 2 = more than 10 pus c e l l s  per high power f i e l d  
with a r a t i o  of g r e a t e r  than 1:10 squamous 
e p i t h e l i a l  c e l l s  to pus c e l l s .
Group 3 = less than 10 pus c e l l s  per high power f i e l d  
with a preponderance of broncho-pulmonary  
c e l l s .
Group 4 = predominately broncho-pulmonary c e l l s .
Group 5 = r a t i o  of g r e a te r  than 1:10 squamous e p i t h e l i a l  
c e l l s  to broncho-pulmonary c e l l s .
Group 6 = predominately squamous e p i t h e l i a l  c e l l s .
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T a b le  2 5 :
Comparison of Gram's stain and 0.05% crystal v io le t  for
the microscopic examination of homogenised sputum.
Crysta l  v i o l e t  assessment groups ★
Gram f i l m  1 
assessment.
Cel Is per oi 1 
immersion f i e l d
2 3 4 5 6
numbers of specimens
>10 pus ce11s 57 3 11 1 2 ni 1
5-10 pus c e l l s  25 1 49 26 33 3
< 5 pus c e l l s  4 1 24 48 25 25
< 5 pus c e l l s  with  
squamous e p i t h e l i a l  
c e l l s  and/or  
ora 1 b a c t e r i  a ni 1 ni 1 5 16 8 6
squamous e p i t h e l i a l  
c e l l s  and/or  ora l  
ba c te r i a  n i l n i l 2 6 9 17
★
i n t e r p r e t a t i o n  as in Table 24.
"Pus c e l l s "  was used as a c o l l e c t i v e  term to descr ibe  or  
include polymorphs and c e l l s  of  s i m i l a r  s ize  and 
morphology.
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Gram1s s ta in  f o r  predominant b a c te r ia
Table 26 d e t a i l s  the r e s u l t s  of c r y s ta l  v i o l e t  
assessments,  Gram's s ta in  to i d e n t i f y  predominant  
b a c t e r i a  and b a c t e r i o l o g i c a l  c u l t u re  ca r r i ed  out on 363 
homogenised sputa.  Types of b a c te r i a  seen in Gram's 
stained smears and the r e s u l t s  of cu l t u re  are shown f o r  
each c r y s ta l  v i o l e t  assessment group.  S.pneumoniae 
predominated in the Gram's sta ined smear and was 
cu l tu red from 19 of 78 (24%) puru len t  specimens
( c r y s t a l  v i o l e t  groups 1 and 2) and 4 of 55 ( 7%) lower  
r e s p i r a t o r y  secret ions  ( c r y s t a l  v i o l e t  group 3 ) . However,  
in the other  groups ( i . e .  c r y s ta l  v i o l e t  groups 4 ,5  and 
6) the Gram's s t a in  and c u l t u r e  f o r  S.pneumoniae did 
not always agree i . e .  pneumococci were seen in 5 
specimens but were i so la te d  from 13. Oropharyngeal  
ba c te r i a  predominated in Gram's sta ined smears in 120 of  
230 (52%) specimens which were in c r y s t a l  v i o l e t  groups 
4 , 5 ,  and 6,  compared to 22 of 133 specimens in c r y s ta l  
v i o l e t  groups 1,2 and 3.  Oropharyngeal b a c t e r ia  were 
of ten associated wi th squamous e p i t h e l i a l  c e l l s  in 
Gram's stained f i l m s  and confirmed the assoc ia t ion  
between these b a c t e r i a  and oropharyngeal  contaminat ion  
of sputum.
180
Table 2 6 :
Comparison of  Gram's s t a in  f o r  predominant b a c te r ia  and 
b a c t e r i o l o g i c a l  c u l t u r e  in d i f f e r e n t  c r y s t a l  v i o l e t  
assessment groups.
Crysta l v i o l e t
1&2
assessment groups 
3 4
*
5&6
Number of  specimens 78 55 193 37
Predominant b a c te r ia  
in Gram's sta ined f i l m
oropharyngeal  ba c te r i a 7 15 83 37
S.pneumoniae 19 4 5 n i l
$
other  r e s p i r a t o r y  
pathogens 22 7 10 3
B a c te r ia l  cu l tu re
no r e s p i r a t o r y  
pathogens i so la te d 34 39 15 33
S. pneumoniae 19 4 12 1
" ■$" " ■" 
other  r e s p i r a t o r y  
pathogens 25 12 31 3
*
i n t e r p r e t a t i o n  as in Table 24.
$
other  r e s p i r a t o r y  pathogens included H . i n f l u e n z a e , 
Staph. aureus , B . c a t t a r h a l i s .
181
3 . 2 . 2  I s o l a t i o n  of  pneumococci from sputum cu l tu res  
D i r e c t  and q u a n t i t a t i v e  cu l t u re  of homogenised sputum
Six hundred and twenty th ree  specimens of sputum were
assessed mic roscop ica l l y  using the c r y s ta l  v i o l e t  s t a i n
and cu l tured  d i r e c t l y  from the homogenised m at e r i a l  and
-3
a f t e r  d i l u t i o n  in s t e r i l e  water  (10 ) .  Table 27 shows
t h a t  S.pneumoniae was i s o l a t ed  by d i r e c t  c u l t u r e  from 96
6
(15.4%) and by q u a n t i t a t i v e  cu l t u re  ( more than 10
6
c f u / m l )  from 65 ( 10.4%).  Colony counts of > 10 cfu/ml  
of S.pneumoniae were i s o l a t ed  from 48 of  56 (86%)
specimens in c r y s ta l  v i o l e t  groups 1 ,2 and 3 compared to  
17 of 40 (42%) of specimens in groups 4 ,5  and 6.  The 
numbers of specimens r e s u l t i n g  in a "pure growth" of  
S.pneumon i ae by d i r e c t  cu l t u re  and q u a n t i t a t i v e  
c u l t u re  was 49 and 50 r e s p e c t i v e l y .
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T a b le  2 7 :
Comparison of  d i r e c t  c u l t u r e  and q u a n t i t a t i v e  c u l t u re  of
Streptococcus pneumoniae in homogenised sputum.
Crysta l v i o l e t assessment groups *
Growth of  
S.pneumoniae 1 2 3 4 5 6
D i r e c t  c u l t u r e
numbers of specimens
pure growth 30 3 6 5 5 n i l
mixed growth 9 6 2 6 20 4
Q u a n t i t a t i v e  c u l t u r e  
6
( >10 c f u / m l )
pure growth- 31 4 6 4 5 n i l
mixed growth 3 3 1 1 7 ni 1
★
i n t e r p r e t a t i o n  as in Table 24.
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3 . 3 . METHODS FOR THE DETECTION OF PNEUMOCOCCAL ANTIGEN 
IN CLINICAL MATERIAL AND PRELIMINARY CLINICAL STUDIES
P u r i f i e d  pneumococcal capsular  polysacchar ide  
(pneumococcal an t igen)  can be detected by var ious  
methods and wi th d i f f e r e n t  kinds of pneumococcal  
a n t is e ra  ( 3 . 1 . 2 ) .  The studies t h a t  fo l lo w  were c a r r i e d  
out to f in d  which method(s)  were most s u i t a b le  f o r  the  
detec t ion  of  pneumococcal ant igen in c l i n i c a l  m a t e r i a l .
3 . 3 . 1 .  Methods f o r  the de tec t io n  of  pneumococcal  
ant igen in sputum.
Pneumococcal an t igens ,  which were detected in sputum 
by way of counter immunoelectrophoresis ( C I E ) ,  l a t e x  
ag g lu t i n a t i o n  (LA) and Kronval l  c o - a g g l u t i n a t i o n  
(Co a (K ) )  in t e s t s  wi th Omni serum, were typed by co­
ag g lu t i n a t i o n  .
Evaluat ion of C IE , using Omni serum, as a screening t e s t  
f o r  pneumococcal ant igen in sputum
Specimens of sputum, sent to the Bac te r io logy  
Department,  C i ty  H o s p i t a l ,  Nott ingham, during a n a t io na l  
survey of the ae t io logy  of pneumonia were examined by 
CIE using Omni serum. These were then tested  wi th nine  
CoA(K) reagents (Pools A to I ,  Statens S e r u m i n s t i t u t , 
Copenhagen). Pneumococcal ant igens were typed by CoA(K) 
with an t i s e ra  appropr ia te  to the pool which gave the  
p o s i t i v e  r e a c t io n .  The r e s u l t s  ( F i g .  XX ) show t h a t  
pneumococcal ant igen was detected in 84 of  311 specimens
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Figure XX:
Evaluat ion of  counter immunoelect rophoresis , using Omni 
serum, as a screening t e s t  f o r  pneumococcal ant igen in 
sputum.
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by CIE or CoA(K).  CIE was p o s i t i v e  in 67 and negat ive  
in 17. The types de tec ted ,  by CoA(K),  in the l a t t e r  
group were type 7 ( 6 ) ,  type 3 ( 2 ) ,  type 48 (2 )  and one 
each of types 9 , 1 1 , 1 4 , 1 5 , 1 6 , 3 2  and 36.  Of the 67
specimens which reacted in CIE t e s t s  wi th Omni serum,
only 50 contained typab le  pneumococcal an t igen .  Type-
s p e c i f i c  pneumococcal ant igen was not detected in 17 
specimens and of these ,  9 reacted in the CoA(K) wi th  
ant iserum to pneumococcal C -polysacchar ide .  Pneumococcal 
ant igen types 14 (3 )  and 7 (1 )  were detected in CIE
t e s t s  wi th Omni serum at  Nott ingham.
These r e s u l t s  show th a t  CIE wi th Omni serum not only  
detec ts  t y p e - s p e c i f i c  pneumococcal ant igen but also  
pneumococcal C-polysacchar ide an t igen .
Evaluat ion of l a te x  a g g lu t in a t io n  ( LA) and Kronva l1 
c o -a g g lu t i n a t i o n  (CoA(K) ) using Omni serum, as a^ 
screening t e s t  f o r  pneumococcal ant igen in sputum
A t o t a l  of  1,056 specimens of sputum, sent to the  
Bacter io logy  Department,  S t o b h i l l  General H o s p i t a l ,  
Glasgow, f o r  rou t ine  examinat ion and c u l t u r e ,  were 
tested  f o r  pneumococcal ant igen wi th l a te x  (Wel lcogen,  
Wellcome Diagnost ics L t d . )  and c o -a g g l u t i n a t i o n  
(K r o n v a l l ,  1973) reagents each se ns i t i s ed  wi th Omni 
serum (Statens S e r u m i n s t i t u t , Copenhagen).  Specimens,  
which contained pneumococcal ant igen or from which 
S.pneumoniae was i s o l a t e d ,  were f u r t h e r  tested  by CoA(K) 
and CIE wi th pneumococcal typing sera .  P o s i t i v e  LA and
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CoA(K) t e s t s  wi th Omni serum were obtained in 154 and 
88 specimens r e s p e c t iv e ly  (Table 28 a ) .  Of 139 sputa 
which contained t y p e - s p e c i f i c  pneumococcal ant igen by 
CoA(K),  116 were p o s i t i v e  wi th LA and 87 wi th CoA(K) 
reagents prepared wi th Omni serum. CIE,  wi th the  
appropr ia te  t y p e - s p e c i f i c  ant iserum was p o s i t i v e  in 107 
of 139 specimens: types 7 ,1 4 , 3 3  and 37,  which are known
not to reac t  in CIE t e s t s ,  accounted f o r  only 8 of 32 
specimens which contained pneumococcal ant igen and 
these were negat ive  in CIE t e s t s .  The r e s u l t s  were used 
to c a l c u l a t e  the s e n s i t i v i t y ,  s p e c i f i c i t y ,  e f f i c i e n c y  
and p r e d i c t i v e  value of ant igen t e s t s  in r e l a t i o n  to  a 
p o s i t i v e  c u l t u re  f o r  S.pneumoniae (Table 28b ) .
LA was more s e n s i t i v e  than CoA(K) in t e s ts  wi th  Omni 
serum, but CoA(K) was more s p e c i f i c .  Consequent ly,  the  
est imated e f f i c i e n c y  and p r e d i c t i v e  value of LA were 
also lower.  This was due to a number of f a l s e  p o s i t i v e  
LA te s t s  in specimens from which S.pneumoniae was not  
i s o l a t ed  (F igure  XXI ) .  CoA(K) wi th pools A to  I was the  
most s e n s i t i v e  method f o r  the de tec t ion  of  pneumococcal  
ant igen in specimens of sputum and the est imated l e v e ls  
of s p e c i f i c i t y ,  e f f i c i e n c y  and p r e d i c t i v e  va lue were 
comparable to those obtained wi th CoA(K) wi th Omni serum 
and CIE wi th s p e c i f i c  a n t i s e r a .
A d e t a i l e d  ana lys is  of the numbers of specimens which 
were p o s i t i v e  wi th each method is shown in Figures XXI 
and X X I I .  LA ( F i g .  XXI ) was p o s i t i v e  in 154 specimens,  
however,  only 116 of these reacted in CoA(K) wi th
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Figure X X I :
Evaluat ion of  a commercial l a t ex  (Wel lcogen)  as a 
screening t e s t  f o r  pneumococcal ant igen in sputum.
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Figure X X I I :
Evaluat ion of  c o - a g g l u t i n a t i o n ,  using Omni serum, as a 
screening t e s t  f o r  pneumococcal ant igen in sputum.
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T a b le  2 8a :
Summary of  r e s u l t s  of  d i f f e r e n t  methods used to  de tec t  
pneumococcal ant igen in specimens of  sputum:
Comparison wi th the r e s u l t s  of  c u l t u re f o r
Streptococcus pneumoniae.
Numbers of p o s i t i v e  specimens
Latex 
( Omn i )
CoA(K) 
(Omni)
CoA(K) CIE Cul ture  
( t ype )  ( t ype )
Latex (Omni) 154 78 116 88 102
CoA(K) ( Omni) 88 87 74 73
CoA(K) ( type) 139 107 118
CIE ( type ) 107 94
Cul ture 136
Latex (Omni) : Latex suspension se ns i t i sed  with Omni
CoA(K)(0mni)
CoA(K) ( t y p e )
CIE ( t ype )
co -a g g lu t i n a t i o n  reagent  prepared from 
Omni serum according to the method of  
Kronval l  (1973)
Specimens which 
a g g lu t i n a t i o n  or 
with Omni se 
S.pneumoniae was 
with co -ag g lu t in  
prepared from 
S e r u m i n s t i t u t , 
with t y p e - s p e c i f  
to the pool wh 
r e a c t io n .
were p o s i t i v e  in l a t e x  
c o - a g g lu t in a t io n  t e s t s  
rum or from which 
i so la t ed  were tes ted  
at ion  reagents (CoA(K))  
pools A to I (Sta tens  
Copenhagen) and then  
ic a n t i s e ra  appr op r ia t e  
ich gave the p o s i t i v e
counter immunoelectrophoresis c a r r i e d  out  
with t y p e - s p e c i f i c  ant iserum.
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T a b le  2 8 b :
Latex 
(Omni)
CoA(K) 
( Omni)
CoA(K)
( t ype )
CIE
( t ype )
S e n s i t i v i t y (%) 75 54 87 69
S p e c i f i c i t y (%) 94 98 98 99
E f f i c ie n c y 92 95 96 95
n
Pred i c£ t i  ve 
value of a 
p o s i t i v e  r e s u l t 60 83 85 87
S e n s i t i v i t y  is the percentage of specimens which 
contained pneumococcal ant igen and from
which S.pneumoniae was i s o la t ed  by 
c u l t u r e .
S p e c i f i c i t y  is the percentage of specimens which were 
negat ive  wi th ant igen t e s t s  and
S.pneumoniae was not i s o l a t ed  by c u l t u r e .
E f f i c ie n c y  is the percentage of ant igen r e s u l t s  which 
c o r r e l a t e  wi th the c u l t u re  r e s u l t s .
P r e d ic t i v e  value of a p o s i t i v e  t e s t  is the percentage of  
posTf ive tes ts  wh i ch c o r r e l a t e  wi th
c u l t u r e .
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pneumococcal t yp ing a n t i s e r a .  S.pneumoniae was i so la te d  
from 5 specimens which did not contain t y p e - s p e c i f i c  
pneumococcal an t ig en .  Thus, 33 specimens, which did not  
contain t y p e - s p e c i f i c  pneumococcal ant igen and from 
which S.pneumoniae was not i s o l a t e d ,  reacted wi th l a te x  
p a r t i c l e s  sens i t i se d  wi th Omni serum. These specimens 
did not reac t  wi th l a tex  p a r t i c l e s  sens i t i sed  wi th  
normal r a b b i t  immunoglobul in.  However, 6 reacted in the  
Kronval l  c o -a g g lu t i n a t i o n  t e s t  wi th in d i v id u a l  ant iserum  
pools (A to I ,  Statens S e r u m i n s t i t u t , Copenhagen) but  
not with typing reagents.  LA was negat ive  on 23 sputa 
which contained t y p e - s p e c i f i c  pneumococcal an t ig en .  
S.pneumoniae types 6 (10 sputa ) ,  19 ( 4 spu t a ) ,  28 ( 4 
sputa)  and one each of types 12,13 and 15 were i s o la t ed  
from 21 specimens, whereas pneumococcal ant igen type 8 
was detected in the remaining two.
The r e s u l t s  of the CoA(K) t e s t  wi th Omni serum are 
shown in Figure X X I I .  With the except ion of  one 
specimen, a l l  those p o s i t i v e  in the CoA(K) t e s t  wi th  
Omni serum contained t y p e - s p e c i f i c  pneumococcal ant igen  
and 84 of 88 were also p o s i t i v e  in CIE t e s t s .  However,  
the number of specimens which contained pneumococcal 
ant igen but which were negat ive in c o - a g g l u t i n a t i o n  and 
l a t e x  t e s t s  wi th Omni serum was 54 and 25 r e s p e c t i v e l y .  
S.pneumoniae was not i so la ted  from 23 specimens which 
contained t y p e - s p e c i f i c  pneumococcal ant igen:  In t e s t s
with Omni serum, the LA was p o s i t i v e  in 19 and CoA(K) 
was p o s i t i v e  in 14. Conversely,  5 of  18 specimens which
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were c u l t u r e - p o s i t i v e  and an t ig en - neg a t i ve  ( t yp e -  
s p e c i f i c  c o - a g g l u t i n a t i o n )  reacted in l a t ex  
a g g lu t in a t io n  t e s t s .
Table 29 compares the r e s u l t s  of c u l t u r e  and methods 
f o r  the de tec t io n  of pneumococcal ant igen when the  
sputa were categor ised according to the r e s u l t s  of  
c r ys ta l  v i o l e t  microscopic assessment. S.pneumoniae and 
or t y p e - s p e c i f i c  pneumococcal ant igen was found in 122 
specimens assigned to ca tegor ies  1,2 and 3 : 111 of  122
were p o s i t i v e  in l a te x  a g g lu t in a t io n  t e s t s .  However 43 
specimens in c r y s t a l  v i o l e t  assessment groups 4 , 5  and 
6,  which included non-purulent  lower r e s p i r a t o r y  and 
oropharyngeal  s e cr e t io n s ,  reacted in l a t e x  t e s t s  wi th  
Omni serum. S.pneumoniae was i s o l a t ed  from 23 and ty p e -  
s p e c i f i c  pneumococcal ant igen was detected in only 17.
These r e s u l t s  demonstrate d i f f e r e n c e s  in both the  
s e n s i t i v i t y  and s p e c i f i c i t y  of t e s t s  which use Omni 
serum f o r  the de tec t io n  of pneumococcal ant igens in 
sputum and fur thermore in d ic a te  th a t  these parameters,  
f o r  the methods, have d i f f e r e n t  r e l a t i o n s h i p s  wi th  
sputum purulence and the degree of oropharyngeal  
contaminat ion.  The importance of these d i f f e r e n c e s  in 
the choice of method f o r  use in l abora to ry  d iagnosis  
w i l l  be f u r t h e r  considered to ge ther  wi th c l i n i c a l  
f i n d i n g s .
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Table 29:
Comparison of  methods f o r  the de te c t io n  of  pneumococcal 
ant igen wi th c u l t u r e  in d i f f e r e n t  c r y s ta l  v i o l e t  
assessment groups.
Numbers of specimens 
Crysta l  v i o l e t  assessment groups$
1 2 3 4 5 6
★
Latex (Omni) 63 3 45 11 23 9
CoA(K) (0mni) 49 27 3 9 0
CoA(K) ( type) 73 49 5 12 0
CIE ( t ype ) 59 36 3 9 0
Cul ture  p o s i t i v e 70 1 42 5 17 1
$
i n t e r p r e t a t i o n  as in Table 24.
*
used as in Table 28a.
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P re l im inary  c l i n i c a l  studies : c o r r e l a t i o n  of  t e s t s  f o r
pneumococcal ant igen wi th Gram1s s t a i n  and cu l tu re  f o r  
the l abora to ry  diagnosis  of pneumococcal chest i n f e c t i o n .
S. pneumoniae or t y p e - s p e c i f i c  pneumococcal ant igen was 
detected in the sputum of 129 p a t i e n t s .  Ret rospect ive  
analys is  of the c l i n i c a l  data showed t h a t  106 were from 
i n fec ted  p a t i e n ts  and 23 were from pa t i e n ts  wi th no 
c l i n i c a l  or r a d i o l o g i c a l  evidence of lower r e s p i r a t o r y  
t r a c t  i n f e c t i o n .  A diagnosis of pneumonia, acute chest  
i n f e c t i o n  secondary to other  pathology and acute 
exacerbat ion of chronic b r on ch i t i s  was made in 10, 65
and 31 r e s p e c t i v e l y .  The r e s u l t s  of d i f f e r e n t  methods 
used to de tec t  pneumococci in sputa and the
r e l a t i o n s h i p  of these f in d in gs  wi th c l i n i c a l  i n f e c t i o n  
(and wi th each o t her )  are summarised in Table 30a.  From 
these data the s e n s i t i v i t y ,  s p e c i f i c i t y ,  e f f i c i e n c y  and 
p r e d i c t i v e  value of a p o s i t i v e  t e s t  were ca lcu la t ed  and
are summarised in Table 30b. The r e s u l t s  show t h a t  t y pe -  
s p e c i f i c  pneumococcal ant igen was detected and 
S.pneumoniae was i s o l a t ed  from 89 of 94 (95%) sputa in
which pneumococci were seen in a Gram's sta ined smear
and these f in d in gs  co r re la ted  wi th i n f e c t i o n  : The
ca lcu la te d  p r e d i c t i v e  value of a Gram's sta ined smear
was 93% (Table 30b) .  However, pneumococcal ant igen was 
not detected in a number of these specimens by LA and 
CoA(K) wi th Omni serum and CIE ca r r i ed  out wi th ty p e -
s p e c i f i c  ant iserum.  Ty pe - sp e c i f i c  pneumococcal  
ant igen was not found in 14 specimens from which
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S.pneumoniae was i so la te d  but the pa t i e n ts  were not 
i n f e c t e d .  A l t e r n a t i v e l y ,  t y p e - s p e c i f i c  pneumococcal  
ant igen was de tec ted ,  but S.pneumoniae not i s o l a t e d ,  
from the sputum of 16 in fec ted  p a t ie n ts  who had received  
a n t i b i o t i c  therapy f o r  a chest i n f e c t i o n .  The r e s u l t s  
(Table 30b) in d i ca te  t h a t  the de tec t ion  of t y p e - s p e c i f i c  
pneumococcal ant igen is the most e f f e c t i v e  method f o r  
the l abora to ry  diagnosis of a pneumococcal chest  
i n f e c t i  on.
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Table 30b
Comparison of tests fo r  pneumococcal antigen with 
Gram's stain and culture of Streptococcus pneumoniae in 
the sputum of infected and non-infected pat ients .
Gram 1 s 
s ta in
Cul ture Latex 
(Omni)
CoA(K) 
( Omni)
CoA(K)
( t ype )
CIE
( type
S e n s i t i v i t y 82% 83% 84% 60% 98% 76%
S p e c i f i c i t y 70% 17% 48% 74% 52% 82%
E f f i c ie n c y 80% 71% 76% 63% 90% 78%
Pred i c t i  ve 
value of a 
p o s i t i v e  t e s t 93% 82% 88% 91% 90% 95%
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C o r r e la t io n  of  the c o - a g g l u t i n a t i o n  t e s t  f o r  pneumococcal
ant igen wi th q u a n t i t a t i v e  cu l t u re  of S.pneumoniae j_n the
sputum of in fec ted  and non- in fec ted  p a t i e n t s .
Previous studies showed t h a t  CoA(K) wi th d iagnos t ic
pneumococcal a n t i s e ra  (Pools A to I ,  Statens Serum-
i n s t i t u t ,  Copenhagen and t y p e - s p e c i f i c  ant iserum)  was
more e f f e c t i v e  than LA, CoA(K) and CIE t e s ts  t h a t  used
Omni serum. Furthermore,  CoA(K) was more s e n s i t i v e  than
CIE ca r r i ed  out wi th t y p e - s p e c i f i c  ant iserum.  Th er e f o re ,
CoA(K) ca r r i ed  out wi th pools A to I was c o r r e l a te d  wi th
c l i n i c a l  status to eva lua te  pneumococcal ant igen
de tec t ion  in sputum as an i n d i c a t o r  of  i n f e c t i o n .
Q u a n t i t a t i v e  c u l t u r e  and pneumococcal ant igen
de terminat ion  by CoA(K) was undertaken on 291 specimens
of sputum sent to the Bac ter io logy  Department,  S t o b h i l l
General H o s p i t a l ,  Glasgow, f o r  rou t ine  examinat ion and
c u l t u r e .  Ret rospect ive  ana lys is  of the c l i n i c a l  data
showed t h a t  225 were obtained from in fec ted  p a t i e n ts  and
66 were from p a t i e n ts  wi th no c l i n i c a l  or r a d i o l o g i c a l
evidence of lower r e s p i r a t o r y  t r a c t  i n f e c t i o n .  The
2
b a c t e r i a l  counts of S.pneumoniae ranged from 10 cfu/ml
'  8
from undi lu ted sputum to more than 10 cfu/ml  in sputa 
- 6
di luted 10 .
Pneumococcal ant igen was detected in 251 of  291
samples whereas S.pneumoniae was i s o l a t ed  from 250.
7
B a c te r ia l  counts of  S.pneumoniae of more than 10 c fu/ml  
were obtained from 155 specimens.
The re s u l t s  of q u a n t i t a t i v e  c u l t u r e  and CoA(K) f o r
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pneumococcal ant igen ca r r i ed  out on 225 sputa from
in fec ted  p a t i e n ts  ( F i g .  X X I I I )  showed th a t  ant igen
p o s i t i v i t y  was usua l ly  associated wi th the i s o l a t i o n  of  
6
>10 cfu/ml  of 5 . pneumoniae. However, the d i s t r i b u t i o n
was bimodal and the minor peak corresponded to
specimens which contained pneumococcal ant igen but from
which 5 . pneumoniae was not i s o l a t e d .
S i m i l a r l y  the r e s u l t s  of q u a n t i t a t i v e  c u l t u r e  and
CoA(K) ca r r i ed  out on 66 sputa from pa t i e n ts  who were
not in fec ted  at  the t ime the sputum was obtained are
shown in Figure XXIV. Although the numbers of specimens
5
examined in t h i s  group was smal l ,  10 c f u /  ml of
S.pneumoniae was i s o l a t ed  from the m a j o r i t y .  However,
only h a l f  of these contained d e t ec tab le  pneumococcal
an t igen ,  whereas in the in fec ted  group 97% of c u l t u r e -
p o s i t i v e  specimens contained pneumococcal an t ig en .
The r e l a t i o n s h i p  between the presence of pneumococcal
an t igen ,  c u l t u re  and q u a n t i t a t i v e  c u l t u r e  of
7
S.pneumoniae at  a l i m i t  of  > 10 cfu/ml  in sputum was 
compared wi th the r e s u l t s  of c l i n i c a l  and r a d i o l o g i c a l  
examinat ion of the lower r e s p i r a t o r y  t r a c t  at  the t ime
the sputum was co l l ec ted  (Table 31 a ) .  From these data
the s e n s i t i v i t y ,  s p e c i f i c i t y ,  e f f i c i e n c y  and p r e d i c t i v e  
value of a p o s i t i v e  t e s t  were ca lcu la ted  and are  
summarised in Table 31b. The r e s u l t s  ind ica ted  t h a t
de terminat ion  of pneumococcal ant igen by co­
a g g lu t i n a t i o n  was more s e n s i t i v e  than c u l t u r e  of  
S.pneumoniae from the sputum of in fec ted  p a t i e n t s  and
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Figure X X I I I :
Comparison between pneumococcal ant igen and q u a n t i t a t i v e  
cu l t u re  of Streptococcus pneumoniae in the sputum of  
in fected  p a t i e n t s .
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Figure XXIV:
Comparison between pneumococcal ant igen and q u a n t i t a t i v e  
cu l t u re  of Streptococcus pneumoniae in the sputum of  
pa t i e n ts  wi th no evidence of c l i n i c a l  i n f e c t i o n .
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moreover in h a l f  of  the cases d i s t ingu ished  between 
i n fec ted  and uninfected p a t i e n ts  when S.pneumoniae was 
i so la t ed  from sputum.
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T a b le  31a :
Comparison of pneumococcal ant igen de terminat ion  and
7
q u a n t i t a t i v e  c u l t u r e  ( >10 c f u /  mi)  of  pneumococci in 
i n fec ted  and no n- in fec ted  p a t i e n t s .
Antigen
P os i t i v e
Antigen
negat ive
7 7 
<10 >10 
cfu /ml cfu/ml
Numbers of p a t i e n ts
Infected 218 7 57 131
Not in fec ted 33 33 38 24
TOTAL 251 40 95 155
Table 31b:
Comparison
q u a n t i t a t i v e
of pneumococcal ant igen  
7
c u l t u r e  (10 c fu /m l )
de termina t ion  an 
of pneumococci i
i n fec ted  and non- infected p a t i e n ts  #
Ant igen Cul ture Cul ture
Po s i t i v e P o s i t i v e  >10 cfu/ml
S e n s i t i v i t y 97 84 58
S pec i f i  c i t y 50 9 64
E f f i c i e n c y 86 67 58
P r e d i c t i v e  value 87 75 85
S en s i t i  v i t y  
S p e c i f i c i t y  
E f f i  ciency
the percentage of p o s i t i v e  te s t s  in the  
presence of  c l i n i c a l  i n f e c t i o n .
the percentage of negat ive  t e s ts  in the  
absence of c l i n i c a l  i n f e c t i o n .
the percentage of t e s t  re s u l t s  which are  
t r u e .
P r e d ic t i v e  value of a p o s i t i v e  t e s t  : the percentage of
p o s i t i v e  t e s t s  which are d i ag n os t i c .
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3 . 3 . 2 .  Detect ion  of  pneumococcal ant igen by co­
a g g l u t i n a t i o n  in c l i n i c a l  m at e r ia l  o ther  than sputum
Pneumococcal ant igens ,  in c l i n i c a l  m at e r ia l  other  than 
sputum, were detected and typed by CoA(K).  The r e s u l t s  
of ant igen de tec t ion  were compared wi th c u l t u re  of  
S.pneumoniae ca r r i ed  out on the same specimen and, in 
some cases,  wi th the r e s u l t s  obtained from other  
ma ter ia l  from the same p a t i e n t ,  co l l e c te d  at  or about  
the same t ime .  In a l l  cases s t ud i ed ,  the type of  
pneumococcal ant igen detected corresponded wi th the  
S.pneumoniae type i s o l a t ed  from the same specimen or  
with th a t  in other  m a t e r i a l .
Figure XXV shows the r e s u l t s  of c u l t u r e  f o r  
S.pneumoniae ca r r i ed  out on 24 specimens of post-mortem 
lung t i s s u e  and 8 p le ur a l  f l u i d s  which contained  
pneumococcal an t igen .  S.pneumoniae was i s o la t e d  from 10 
and 4 of these r e s p e c t i v e l y .  Blood c u l t u re  confi rmed the  
pneumococcal i n f e c t i o n  in 5 of 18 cases in which the  
organism was not i so la te d  from the corresponding  
re s p i r a t o r y  specimen. However, blood c u l t u r e  was not  
ca r r i ed  out or was negat ive  f o r  S.pneumoniae on the  
remaining 13. Sputum specimens were not examined 
(poss ib ly  not ob ta ined)  from 19 of these p a t i e n t s ,  
al though a severe r e s p i r a t o r y  i n f e c t i o n  was apparent .  
Furthermore,  S.pneumoniae was i s o la t ed  from only 6 of  13 
sputum which contained the corresponding pneumococcal  
ant igen .  These r e s u l t s  conf i rm t h a t  the c o - a g g l u t i n a t i o n  
t e s t  f o r  pneumococcal ant igen is a va luable  to o l  in
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Figure XXV:
Summary of evidence support ing the diagnosis of  
pneumococcal pneumonia on the basis of pneumococcal 
ant igen in post-mortem lung t i s su e  and p l e u r a l  f l u i d .
Number of 
spec im ens  tes ted
32
C u l t u r e  fo r  
S pneumoniae
B l o o d
c u l t u r e
nt
9
/  \
S pu tum  culture 
or antigen
nt
n t : n o t  tested
e s t a b l i s h in g  the ae t io lo gy  in p a t i e n t s  wi th pneumonia 
and is p a r t i c u l a r l y  useful  when p l e u r a l  f l u i d  is
a v a i l a b l e  f o r  examinat ion or f o r  r e t r o s p e c t i v e  diagnosis  
using post-mortem lung t i s s u e .
Figure XXVI shows the r e s u l t s  of the CoA(K) t e s t  f o r  
pneumococcal ant igen ca r r i ed  out on 26 samples of
cerebrospina l  f l u i d .  S.pneumoniae was i s o la te d  from 22 
and in 6 of these pneumococcal ant igen was not detected  
by c o - a g g l u t i n a t i o n .  However, pneumococcal ant igen was 
detected in 4 specimens from which S.pneumoniae was not  
i s o l a t e d .  Blood c u l t u r e  confirmed the ro le  of  
S.pneumoniae in 2 of  these 4 .  I t  appears from these  
r e s u l t s  th a t  the CoA(K) t e s t  f o r  pneumococcal ant igen is 
less s e n s i t i v e  than c u l t u re  f o r  the diagnosis  of
pneumococcal m e n in g i t i s .  However, i t  should be st ressed  
t h a t  most of these specimens were r e fe r r e d  from 
l a b o r a to r i e s  where te s t s  f o r  pneumococcal ant igen were 
not used. Consequent ly,  an accurate assessment of  the  
technique in the whole c l i n i c a l  spectrum has not been 
possible  because the diagnosis was made using 
convent ional  c u l t u r e  and Gram's s t a i n  examina t ion .  
Indeed,  the 4 a n t i g e n - p o s i t i v e ,  c u l t u r e - n e g a t i v e  
specimens were r e fe r r e d  in an at tempt  to conf i rm other  
b a c t e r i o l o g i c a l  evidence of pneumococcal i n f e c t i o n .
S.pneumoniae and the corresponding pneumococcal  
ant igen was also detected in the knee as p i r a te s  from two 
pa t ie n ts  and S.pneumoniae was i s o la te d  from the blood of  
both.
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Figure XXVI:
Summary of evidence support ing the diagnosis  of
pneumococcal men ing i t i s  on the basis of pneumococcal  
ant igen in cerebrospina l  f l u i d .
Number of 
spec im ens tes ted
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an t i  gen20
Culture fo r  
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3 . 3 . 3 .  Comparison of  methods f o r  the de te c t io n  of  
pneumococcal ant igen in serum.
C o - a g g lu t i n a t io n ,  using a 10% suspension of  
staphylococci  ( CoA( K) )  was the most r e l i a b l e  method f o r  
the de tec t ion  and serotyping of pneumococcal ant igens  
in c l i n i c a l  m ate r ia l  such as sputum, p le ur a l  f l u i d  and 
post-mortem lung t i s su e  ( 3 . 3 . 1 .  and 3 . 3 . 2 . ) .  However,  
other  methods were assessed f o r  the de tec t io n  of t y pe -  
s p e c i f i c  pneumococcal ant igen in serum. These included  
counter immunoelect rophoresis , c o - a g g lu t in a t io n  using a 
2% suspension of s taphylococci ,  l a te x  a g g l u t i n a t i o n  and 
enzyme-l inked immunosorbent assay.  The s e n s i t i v i t y  of  
each method was compared in a small se r ies  of serum 
samples obtained from p a t i e n ts  wi th pneumonia caused by 
S.pneumoniae th a t  belonged to d i f f e r e n t  serotypes.
The types chosen were r e p r e s e n t a t i v e  of those most 
of ten associated wi th pneumococcal pneumonia. The 
r e s u l t s  show t h a t ,  in pa t i e n ts  wi th pneumococcal  
ant igenaemia, the concentrat ion of pneumococcal ant igen  
var ies  over a wide range (4 ng/ml to 4 ug/ml )  in the  
same p a t i e n t  and also between d i f f e r e n t  p a t i e n t s  
i n fec ted  wi th the same pneumococcus type.  A d e t a i l e d  
analys is  of ant igen t i t r e s  in serum, obtained wi th CIE,  
CoA(K),  CoA(T),  LA and ELISA is shown in Table 32a.  
Antigen concentrat ions were determined from the r e s u l t s  
of p a r a l l e l  assays ca r r i ed  out on pooled human serum,  
to which 1 ug/ml of appropr ia te  p u r i f i e d  pneumococcal 
capsular  polysacchar ide was added.
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Table 32a:
Comparison of  methods f o r  the de tec t io n  of  t y pe -  
s p e c i f i c  pneumococcal ant igen in the serum of  
p a t i e n ts  wi th pneumococcal pneumonia.
P a t ie n t  Ant igen Method of de tec t ing  ant igen Antigen 
type l eve l
CIE CoA(K) CoA(T) LA ELISA Ng/ml
Antigen t i t r e *
RM 1 n i l n i l 16 8 160 250
JF ni 1 n i 1 ni  1 ni 1 16 25
RS 1 n i l n i 1 4 4 80 125
6H 1 8 8 64 64 1000 1000
AD 1 8 16 128 64 2000 2000
MK 3 n i 1 ni 1 ni 1 ni 1 8 8
JC 3 4 4 8 8 512 500
WH 3 ni 1 ni 1 n i l ni 1 4 4
JC 3 n i l n i l n i l 4 16 60
EG 3 ni 1 ni 1 n i l ni 1 4 4
RS 3 n i l ni 1 8 8 512 500
G McK 3 2 2 32 32 1000 1000
G McK 3 ni 1 ni 1 4 4 256 250
CF 3 n i 1 n i 1 ni 1 4 32 60
MF 4 ni 1 ni 1 8 8 512 500
WB 4 n i 1 ni 1 n i l ni 1 4 12.5
MF 4 n i l n i l 8 8 512 500
HM 4 n i 1 ni 1 n i 1 n i l 4 12.5
MP 8 8 16 128 128 >2000 4000
HM 8 16 16 64 64 1000 2000
C McM 8 n i l n i 1 4 8 n i l 250
WM 9 4 4 8 8 256 1000
RT 9 n i l ni 1 n i l n i l 8 50
TJ 9 n i l n i 1 2 2 64 250
*= r ec i p ro ca l of the highest  d i l u t i o n of serum which
gave a p o s i t i v e  r e a c t io n .
CIE= counterimmunoelectrophores i s
CoA(K)= co -a g g lu t i n a t i o n  using a 10% suspension of
staphylcocc i  ( K r o n v a l l ,  1973)
CoA(T)= co -a g g lu t i n a t i o n  using a 2% suspension of
staphylococci  ( T r o l l f o r s  e t  a l . , 1983)
LA = l a t ex  a g g lu t i n a t i o n
ELISA= enzyme-l inked immunosorbent assay
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CIE and ( CoA( K) )  detected ant igen concentrat ions in 
serum of more than than 500 ng/ml ,  whereas LA and CoA(T) 
detected concentrat ions  of  more than 100 ng/ml .  ELISA 
was the most s e n s i t i v e  method f o r  the de tec t io n  of  
pneumococcal ant igen in serum and detected as l i t t l e  as 
4 ng/ml .  Although the s e n s i t i v i t y  of  the ELISA f o r  type  
8 pneumococcal ant igen was determined as 3ng/ml ,  one 
serum, which contained 250 ng/ml of type 8 pneumococcal  
ant igen ,  was c o n s i s te n t l y  negat ive when tes ted  by ELISA.
The r e s u l t s  (Table 32b ) showed th a t  ClE and CoA(K) 
detected 7 of 24 p o s i t i v e  sera whereas CoA(T) and LA 
detected 15 and 17 r e s p e c t i v e l y .  ELISA was p o s i t i v e  wi th  
23 of  24 se ra .  Therefore , in the c l i n i c a l  s tudies  
t h a t  fo l lo w  a l l  sera which were negat ive  in the  
T r o l l f o r ' s  c o - a g g lu t in a t io n  and la t ex  a g g l u t i n a t i o n  
t e s ts  were also tes ted  by ELISA.
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t a b l e  32b :
Comparison of methods f o r  the de te c t io n  of  t y pe -  
s p e c i f i c  pneumococcal ant igen in the serum of pa t i e n ts  
with pneumococcal pneumonia*
*
CIE CoA(K) CoA(T) LA ELISA
Number of p o s i t i v e sera
CIE 7 7 7 7 7
CoA(K) 7 7 7 7
CoA(T) 15 15 14
LA 17 16
ELISA 23
★
used as in Table 32a.
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3 . 4 .  CLINICAL STUDIES
Results of l aborato ry  te s t s  on specimens from 426 
cases,  represent ing  414 pa t ie n ts  wi th pneumococcal 
i n f e c t io n  are shown in d e t a i l  here.  The cases were 
arranged on a c l i n i c a l  basis into  four  broad ca teg or ies .  
These were:
1. Pneumococcal pneumonia [ Group "P", (Table 3 3 ) ] .
2.  Pneumococcal i n f e c t i o n  associated wi th acute  
exacerbat ion of chronic o b s t r uc t iv e  airways disease  
[Group “C", (Table 4 0 ) ] .
3.  Acute pneumococcal chest i n f e c t i o n  secondary to  other  
pathology [Group "A", (Table 4 2 ) ] .
4.  Non- resp i ra to ry  pneumococcal i n f e c t i o n  [Group "S",  
(Table 4 4 ) ] .
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3 . 4 . 1 .  Laboratory t e s t s  on p a t i e n ts  wi th pneumococcal 
pneumonia
Table 33 shows the r e s u l t s  on 123 cases of c l i n i c a l  
pneumonia. Of 122 p a t i e n ts  s tud ied ,  71 were male and 
there  were 28 deaths.  The mean age was 60 years ( range 
18-97)  and almost t h r e e - q u a r t e r s  of p a t i e n ts  were over  
50 years of age. They had no previous h i s to r y  of  
r e s p i r a t o r y  disease and severe pneumonia was the reason 
f o r  t h e i r  admission to h o s p i t a l .  One p a t i e n t  had two 
episodes of pneumonia, due to d i f f e r e n t  pneumococcal 
t ypes ,  separated by a per iod of two weeks. The second 
episode,  which proved f a t a l ,  took place wh i le  the  
p a t i e n t  was in h o s p i t a l .
S.pneumoniae wi th or wi thout  pneumococcal ant igen  
was detected in the acute phase blood in 76 (62%) of  the  
p a t i e n ts  and the same type of  pneumococcus or  
pneumococcal ant igen was also found in r e s p i r a t o r y  
specimens from 53 of  56 p a t i e n t s .  Respi ra tory  specimens 
were not a v a i l a b l e  from the remaining 20 p a t i e n t s  wi th  
pneumococcal bacteraemia or ant igenaemia.
With one except ion,  the type of S.pneumoniae or
pneumococcal ant igen detected in d i f f e r e n t  specimens
from the same p a t i e n t  taken at  or about the same t ime
was i d e n t i c a l .  The except ion was case No 2,  in whom
S.pneumoniae type 3 was i s o la te d  from blood and a wound 
swab and pneumococcal ant igen type 3 was present  in 
serum and sputum. However, 5 . pneumoniae type 10 was
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i s o la te d  from his sputum.
The r e l a t i o n s h i p  between c u l t u re  and the presence of  
pneumococcal ant igen in acute phase blood and sputum of  
83 cases of pneumococcal pneumonia Js summarised in 
Table 34.  Of 22 p a t ie n ts  wi th pneumococcal bacteraemia  
from whom appropr ia te  specimens were a v a i l a b l e ,  ant igen  
was detected in the blood of 11 (50%) and the sputum of  
20 (91%).  However, S.pneumoniae was i so la ted  from sputum 
in only 9 of 22 (41%) p a t i e n t s .  A n t i b i o t i c  th e r apy ,  
before the sputum was taken ,  was the probable cause of  
f a i l u r e  to i s o l a t e  the organism in 9 of  13 (70%)
c u l t u r e - n e g a t i v e  p a t i e n ts  who had a n t i g e n - p o s i t i v e  
sputa.  Moreover,  in 21 pa t i e n ts  wi th pneumococcal  
antigenaemia but wi thout  bacteraemia,  90% of sputa were 
ant igen p o s i t i v e  compared wi th 57% p o s i t i v e  on c u l t u r e .  
S.pneumoniae was i s o l a t ed  from the same propor t ion  
(58%) of a n t i g e n - p o s i t i v e  sputa from p a t i e n t s  wi th  
pneumonia but who had n e i t h e r  pneumococcal bacteraemia  
or ant igenaemia.  These r e s u l t s  show t h a t  t e s t s  f o r  
ant igen in sputum are more l i k e l y  to give a p o s i t i v e  
r e s u l t  in pneumococcal pneumonia than e i t h e r  sputum or  
blood c u l t u r e .
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T a b l e  34 :
Results of culture and antigen detection in sputum 
from patients with pneumococcal pneumonia in re la t ion  
to bacteraemia.
Sputum
Number of Antigen c u l t u re  ant igen
cases in serum p o s i t i v e  p o s i t i v e
Bacteraemia 22 11(50%) 9(41%) 20(91%)
No bacteraemia 61 21(34%) 35(57%) 59(97%)
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Almost one t h i r d  of p a t i e n ts  in t h i s  group were unable 
to produce a specimen of sputum during the acute phase 
of i n f e c t i o n .  The c o r r e l a t i o n ,  in 39 p a t i e n t s ,  between 
c u l t u re  and the presence of pneumococcal ant igen in
acute blood and r e s p i r a t o r y  specimens other  than
sputum, is.  summarised in Table 35.  Post -  mortem lung 
t i s s u e ( 1 2 ) ,  bronchia l  as p i r a te  (4 )  p le ur a l  f l u i d  (2 )  and 
a t h r o a t  swab were the specimens obtained from 19 of the  
39 p a t i e n t s .  Blood alone was examined, dur ing the acute  
phase, from the remainder .  Pneumococcal ant igen was 
present  in serum of 15 of 27 (56%) p a t i e n t s  wi th
pneumococcal bacteraemia.  Post-mortem lung t i s s u e  from 
8 contained pneumococcal ant igen and 5 . pneumoniae was 
i so la ted  from f i v e .  Pneumococcal ant igenaemia,  wi thout  
bacteraemia,  was observed in 6 pa t ie n ts  and of  these
5 . pneumoniae was i s o l a t ed  from p l eu ra l  f l u i d  (1 )  and
bronchia l  as p i r a te  ( 2 ) ,  whereas in one p a t i e n t  pos t ­
mortem lung t i s sue  contained pneumococcal an t ig en .  
5 . pneumoniae was not i s o l a t ed  from the l a t t e r  nor from a 
p le ur a l  f l u i d  -  which was not t es ted f o r  pneumococcal  
ant igen.  5 . pneumoniae or pneumococcal ant igen was 
detected in post-mortem lung t i s su e  ( 3 ) ,  bronchia l  
a s p i r a t e  (2 )  and a t h r o a t  swab in the remaining 6 
p a t i e n t s .  They did not have bacteraemia or ant igenaemia .  
These r e s u l t s  show t h a t  t e s t s  f o r  ant igen in o ther  
r e s p i r a t o r y  mate r ia l  obtained from p a t ie n t s  who were 
unable to produce a sputum, were important  in e s t a b l i s h ­
ing t h a t  5 . pneumoniae was the cause of the pneumonia.
u0)
s z
Po
•o
c<o
E >» cd cd
-o 3 L  W C > t 1
o P o  »o <l) —* 1 o '—• —. 1
o 3 p  u  cnp i o o CO 1
a . —* 1 CO 1
W L- CT» P  CO **  1 ----- -----1
—4 * - C C W  1 CX) CM H- 1
a> P a . «  a p  1 1 cn
</i O cn e 1 P
<o <D o 3  1 1 c
jC c L- fc. cn i 1 cd
CL a)
E
P <L> 1 
i~  1
1
1
•pH
P
<V •«-* L  cn 1 i to
P u a> c  cd a» <D 1 I a .
3 <u jc a> s- > >  1 —s 1
O a . P  E 3 •H | CM o O  1 o
<a (A O  — P  P p  1 CO CO in  l CM
U —« — ■t-» 1 ■— <• W  1
c to 0) 3  cn cn i in CO CO 1 E
CD
u
a . u  o  
cn a .
O 1
CL 1 
1
1
1
o
u
P
c 3 <0 1 1
o *o 1 1 CD
o JC 1 1 1—4
p s. p  1 1 JZ)
u Q. •H | 4 <a
a> X 1 1 —-4
p o<*»- 0 ) 1 1 ♦H
0 ) P -a c  > cn i 1 03
■o o  cd — a> i «—«* 1 >
a> O CTP cn i CO 1 to
c pH *H *H TO 1 CO 1
<d .a jQ P  cn U 1 >—*- i c
cn <o c  o 1 in 1 CD
•H c CD <0 0 . P  • «— 1 E
P 3 cn O t 1 •«—«
c <o 1 1 U
(O cn
P
c
JC
cl cd 
cd >
J- 1
a> i
JC 1
1
1
1
CD
Q.
cn
o a) CD L- — E l 1
P •iH P  3  P 3  1 1
P 3  P  — C 1 r>. CO I p H
-o <o o  —4 cn 1 CM 1 c
a; Q. <  3  0 1 1 o
L- O CL 1 1(O
o.s
oo
cn p • <o 4—
CD c o  cn i
U Q> CD i <D
3 E • cn i r>v CO CO ■O P
P •pH o  to 1 CM o cn as
pH u z  u 1 a C J-
3 0> 1 3  —4
O a .
cn
1
1
1
<a 
CO *pH 
—• E
JQ
CD
-4 Q."0
cn •-<
E 03 3  JD
>» 1 to E CD cn a) —« 03
P s. 1 to •pH CD to <o p  —* p  X
o o 1 'H E to  c .e S~ 03 cn
• • p » E CD L- CD Q. 0 —4—4
in (O 1 CD to CD cn E JC 03 P
CO W s- 1 to c p CD 1 O t- 03
P •pH 1 i~ CD CJ p P P  C 3  O
o Q. 1 CD cn <o c 3 cn o  CD L-
—4 3 cn 1 P • pH J3 a) U O L -H C
.a cn a) 1 U P «o CLJD CLP
<a 0) u 1 to c O 5-
h» o c 1 CQ < z  o <>0* *
<u
JC
P
in CM OJ
220
Results of t e s ts  f o r  t y p e - s p e c i f i c  ant ibody on 33 
paired sera showed > 4 fo ld  r i s e  in 21 (63.6%) between 
acute and convalescent  phases : in  seven the ant ibody  
t i t r e  rose despi te  demonstrable pneumococcal ant igen in 
the convalescent  sample. S ta t ionary  l ev e l s  of ant ibody  
were seen in 4 pa t i e n ts  and in the remaining 8 no 
ant ibody was detected in e i t h e r  acute or convalescent  
sera .
Analysis of r es u l t s  of se ro lo g ic a l  t e s t s  on acute phase 
blood in pa t i e n ts  wi th pneumococcal pneumonia.
Results of blood c u l t u re  and te s t s  f o r  pneumococcal  
ant igen c a r r i e d  out on acute phase blood of  98 p a t i e n t s  
with pneumococcal pneumonia are compared in Table 36.  
There was no s i g n i f i c a n t  d i f f e r e n c e  between the  
f requency of pneumococcal ant igenaemia in p a t i e n ts  wi th  
bacteraemia compared to those wi thout  bacteraemia ("p"  
> 0 . 0 5 ) .
The re s u l t s  of pneumococcal ant ibody te s ts  c a r r i e d  out  
on 93 acute phase sera of pneumonia p a t i e n t s ,  wi th and 
without  pneumococcal bacteraemia and ant igenaemia are  
summarised in Table 37.  Pa t ien ts  who had bacteraemia,  
ant igenaemia or both toge ther  showed a s i g n i f i c a n t l y  
lower incidence of ant ibody ( 37%) than p a t i e n t s  wi th  
n e i t h e r  bacteraemia nor ant igenaemia (79%).
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Table 36:
Pneumococcal ant igen in acute serum of  p a t i e n t s  wi th
pneumococcal pneumonia wi th and wi thout  bacteraemia.
Pneumococcal Number
ant igen of
detected p a t i e n ts
Blood cu l t u re p o s i t i v e 26(59%) 44
Blood c u l t u r e negat i  ve 21(40%) 52
Total 96
2
"p" >0.05 (X = 3 . 3 ,  ca lcu la te d  from absolute  va lues)
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Table 37:
Pneumococcal antibody in acute serum of patients with 
pneumococcal pneumonia with and without pneumococcal 
bacteraemia and antigenaemia.
Pneumococcal Number
ant ibody of
detected pa t i e n ts
Bacteraemia or
antigenaemia 24(36.9%) 65
No bacteraemia or
antigenaemia 22(78.6%)  28
Total  93
2
"p" <0.001 (X =13 . 6 ,  ca lcu la ted  from absolute va lues)
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The outcome in pneumonia p a t i e n t s ,  in r e l a t i o n  to  
pneumococcal bacteraemia and ant igenaemia is recorded
in Table 38.  Though the numbers of  p a t i e n ts  studied are
smal l ,  the r e s u l t s  show t h a t  the highest  case f a t a l i t y  
ra te  was in p a t i e n ts  wi th ant igenaemia.  Thus death ra te  
was s i g n i f i c a n t l y  higher  ( p<0.05 )  in them than in those  
with e i t h e r  bacteraemia alone or in those who had
n e i t h e r  ant igenaemia nor bacteraemia.  The outcome in 
pneumococcal pneumonia in r e l a t i o n  to the presence of
ant ibody in acute phase blood i s  shown in Table 39.
There were no deaths in p a t i e n ts  wi th bacteraemia alone  
or wi th n e i t h e r  bacteraemia nor ant igenaemia provided  
c i r c u l a t i n g  ant ibody was not p resent .  Somewhat
s u r p r is in g ly  a l l  pa t i e n ts  with c i r c u l a t i n g  ant ibody and
who had bacteraemia to ge ther  wi th ant igenaemia,  d ie d .
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T a b l e  38 :
Outcome in p a t i e n ts  wi th pneumococcal pneumonia in
r e l a t i o n  to bacteraemia and ant igenaemia.
Number
of
pa t ie n ts  Died (%)
Bacteraemia only 15 3 (20)
Antigenaemia only 15 7 (47)
Bacteraemia and 
antigenaemi a 17 9 (53)
No bacteraemia or 
antigenaemia 26 5 (17)
Total 73 24 (33%)
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T a b l e  39 :
F a t a l i t y  r a te  in r e l a t i o n  to  the presence 
acute phase blood.
Number of Antibody
pa t ie n ts  present
Bacteraemia only 15 38%
Antigenaemia only 15 38%
Bacteraemia
+
Antigenaemia 17 100%
No bacteraemia/
No ant igenaemia 26 19%
ant ibody in
No ant ibody  
present
0 %
57%
38%
0%
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3 . 4 . 2 .  Laboratory t e s t s  on p a t ie n t s  wi th pneumococcal 
i n f e c t i o n  associated wi th acute exacerbat ion of  
chronic o b s t r u c t i v e  airways disease (COAO)
Table 40 shows the r e s u l t s  on 109 cases of  
pneumococcal i n f e c t i o n  fo l lo w i ng  acute exacerbat ion of  
chronic ob s t r u c t i v e  airways disease and includes the  
r e s u l t s  of two episodes,  due to the same or  d i f f e r e n t  
pneumococcal t ypes ,  in e ig h t  p a t i e n t s .  Of 101 p a t i e n t s ,  
67 were male and the mean age was 68 years (range 35-  
9 4 ) .  There was c l i n i c a l  evidence of pneumonia in 21 of  
109 cases.  The remainder had c l i n i c a l  signs cons i s te n t  
with a chest in f e c t i o n  but no evidence of  pneumonia.  
There were four  deaths and bronchopneumonia was 
diagnosed in two of them.
Pneumococcal ant igen was detected in 107 of  109 (98%) 
sputa,  but S.pneumoniae was i s o l a t ed  from only 93 (85%).  
A n t i b i o t i c s  had been prescr ibed before the c o l l e c t i o n  of  
the sputum sample in 15 of these 16 c u l t u r e - n e g a t i v e ,  
a n t i g e n - p o s i t i v e  sputa.  Blood cu l tu res  in 25 of  the 109 
cases were nega t ive .  However, ant igen was detected in 
the acute phase blood of  6 cases in whom blood c u l t u r e  
was negat ive and in a f u r t h e r  8 cases who did not have 
blood cu l t u re  ca r r i ed  out .
Antibody was detected in only 3 of 13 (23%) sera which 
contained pneumococcal an t ig en .  However 80 of  89 (90%)  
sera wi thout  pneumococcal ant igen (Table 41)  did conta in  
ant ibody and t h i s  d i f f e r e n c e  was s t a t i s t i c a l l y
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Table 41_
Pneumococcal ant igen and ant ibody in acute serum of  
p a t i e n ts  wi th acute exacerbat ion of  chronic o b s t r uc t iv e  
airways disease
Acute phase blood Antibody Number of
present  pa t i e n ts
No ant igen detected 80 (90%) 89
Antigen present  3 (23%) 13
2
"p"<0.001 ( X =33,  ca lcu la t ed  from absolute va lues)
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s i g n i f i c a n t  ( "p" < 0 . 0 0 1 ) .
The r e s u l t s  of ant ibody t i t r e s  on 6 pai red sera showed 
a s i g n i f i c a n t  r i s e  in 5 p a t i e n t s .  The t i t r e  of  t y pe -  
s p e c i f i c  ant ibody in acute and convalescent  sera of  one 
p a t i e n t  was unchanged.
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3 . 4 . 3 .  Laboratory t e s t s  on p a t i e n t s  wi th acute chest  
i n f e c t i o n  secondary to o ther  pathology.
Table 42 shows the r e s u l t s  on 166 cases of  
pneumococcal chest i n f e c t i o n  secondary to o ther  
pathology and includes r e s u l t s  of two episodes , due to  
the same or d i f f e r e n t  pneumococcal types in 3 p a t i e n t s .  
Of 163 p a t i e n t s ,  83 were female and the mean age was 58 
years (range 1 6 -9 4 ) .  This was a heterogenous group which 
consisted of pa t i e n ts  wi th a product ive cough and sputum 
on admission ( 4 3 ) ,  or who developed a lower r e s p i r a t o r y  
i n f e c t i o n  secondary to c a r d i o - r e s p i r a t o r y  disease ( 2 7 ) ,  
p o s t - o p e r a t i v e l y  (79)  or during h o s p i t a l i s a t i o n  f o r  
t rea tment  of  diseases not associated wi th the  
re s p i r a t o r y  t r a c t  ( 1 6 ) .  A t o t a l  of  9 p a t i e n ts  had
c l i n i c a l  evidence of pneumonia and 7 of  these were 
a f t e r  surg ica l  oper a t ion .  The remainder (157 cases)  had 
c l i n i c a l  signs consis tent  wi th a chest i n f e c t i o n  but no 
evidence of pneumonia.
Pneumococcal ant igen was detected in 162 of  166 (98%) 
sputa,  but S.pneumoniae was i so l a t ed  from only 140 
(84%).  A n t i b i o t i c s  had been prescr ibed before the  
c o l l e c t i o n  of  the sputum sample in 15 of  the 26
c u l t u r e - n e g a t i v e ,  a n t i g e n - p o s i t i v e  sputa.  Blood c u l t u re s  
in 36 of the 166 cases were ne ga t ive .  However, ant igen  
was detected in acute phase blood of 7 cases in whom
blood c u l t u r e  was negat ive and in a f u r t h e r  22 cases who
did not have blood c u l t u re  ca r r i ed  out .
236
La
bo
ra
to
ry
 
te
st
s 
on 
pa
ti
en
ts
 
wi
th
 
ac
ut
e 
ch
es
t 
in
fe
ct
io
n 
se
co
nd
ar
y 
to 
ot
he
r 
pa
th
ol
og
y
t/i
z
Q£ U i 
UJX  
X —i
t— o  
O  U i 
a. 
to
—• -Q 
•O «T
: a  o  
1 0  u 
> o  o  
i —i u  
too a  •
I e —
: uj s  • b
•IO  01 CT)'—  
<  C <  O l
I X  a. C
i a.
jQ
* al
Ab
.
UJ o  •
in o  • —<
< O Oi Ex  a
a . o O O)
o E C
Ui —1 3t— CO «i
3 c  •o a.
< r—4
z
3O
<a . 
o  o> 
u  <  
o
o u4— oi - E •< 3  +»z ft) -4►■4 C 3
X 0 .0
>» 0.0 
o  a. 
u a  
m
o
t.
U M
4) 0) 01 0) 01 o i 01 « i 9) «J 01 Oi
C c c c c c c c C c c co o o o o o o o o o o o
-o ■a TJ ■o TJ TJ ■o TJ TJ TJ TJ TJ
■M *> ■M 4-> 4-> ■M +> +J +-» -*-> fio o O o a O o a O o o Oc c c c c C c c c c e c
o  o
0- 0
o
o
o
I  I  i  I  I  I
CM O  I  I  I  • I t— o
I I  I i  I  I I  I
I I + I + I
+ + I I + + I +
-4  3 i + + + + 1 + + + i + + + +
E a. i
i
M
i
••44 1 c
M 1 oo O e c c c c c e
O 1 o o o o o a o
C • Oi ti> —4 —4 — *>4 —4 44 44
O i 1 t -  3 +J 4-> 4-> ■*■» ■fj ■M +J<o 1 3  <*- u o U u u U u•44 1 —• <4- 40 Oi • Oi -4 e Oi • Oi • • Oi Oi Oi
TJ 1 —  Oi <«- a. <*- IO o «*- Q. <♦- ex a. «t- <t-1 IO u e o c —4 -44 c o c o a c c c4*4 1 tK -4 —  *44 • —4 TJ 4-> •44 1 ..4 1 i •44 •44 •44
IO I io 4-> 4-> t -  U +J ■M 4J
o 1 +> s- Oi 4-> m ■M IO J- 4-> to 4-> m CO 4-» +J 4->
•H 1 (- 3 3  to o m U  IO to o to a o CO to to
c 1 IO Oi IO Oi a. Oi o<*_ Oi a. Oi a. a. Oi Oi 01
• 0 1 -4 - 4  x : •e >» e •C JC xz •e xz—4 i jc  a. TJ U u E — u u u u uu •
Oi i
a . i
>> 1 to <n r> Oi to o a t n to to CO 44. ao
■M 1 •7 * - » "
X 1
01 1 X X X u. X X X u. X u. u. u. Xin i
Oi i
a> 1 00 oo 4i- CM a t 00 to Ps o to a t .xto i  r^. m r>. UJ to to r» 4T m c
Oi i
</> • i o 4— CM co
IO o i  — CM to 4J- co to fv ao a t 4— 4— 4— 4—u z i  < < c < <  ' < < < < <■ < < 4C
237
( * ) ( * ) ( * ) ( * )  t o < o  v o < 0 i 0
u. u. u. u. X u. X X X U.
in o a tn o r*. in co CO
<0 CO c c to to m
tn to r*» co o* o CM CO
CM CM CM CM
< < < < < < < < < <
* - CM CO m r* rx
*“ *“ *— *“ *“
X U. X u. X u. u. X X
to o o» o» CM CO m f*
to CM to CO to
tn to r*. CO Ot o CM
CM CM CM CM CM CM CO co co«< < < < < < < < <
238
A3
3 
50 
H 
1 
po
st
-o
p.
 
+ 
+ 
+ 
- 
no
t 
do
ne
 
no
t 
do
i o
TJ
CM
co
CM
CO
w
c
o■o
«i
c
o■o
at 0) 01 0> 0> 01 at «i 0) «i
c c c c c c c c c c
o o o o o a o o o o
■o ■o TJ ■o TJ ■o ■o ■o ■o T3
P p P P p p P P P
o o O o o o o o o O
c c c c c c c c c C
01
eo■o
o
TJ
O•o
o o U I o oo o CO o o o o o in o o o o
c c CM o IO o o o o o CM in in in o
vn m o m o CM m
01 at ti 0) 0> « at a» at Oi at Oi 0i 0i 0i
c c c c c c c c c c c c c c c
o o o o o a o o o o o a o a o1 1 ■a T3 "O t j ■o ■C3 ■o ■© TJ T3 "O T3 ■o ■o *o
P P p p p p p p P P p P P p
o a o o o a o o O a o O o o oc c c c c c c c c c c c c c c
<o
E '
o io
c IO E
c •p— c c c •p* o
o u o o o c cfc. •P-* •p. Oi •p* o •p.
P <o P p I. p E o
u u o o 3 u 3 t -
Oi • • • Oi • —  c Oi •p. —• e Oi 01 •e
<*- a . Ol a . a . 0 - CL cx <o o 4. •p. <a o 0- C « o
c o o o o <o c O o •pi >p. C <a •p. p. c cx CX•p. 1 1 • i ■p. <o 1 1 TJ P •p^ o. TJ P •p. o Pp
p P p x : •p. P p L. U U  o . i IOP IS) i/i t/j M u E p in 1/1 •0 «- P p <0 J- p cx p •p.
M o o a O c Oi M a o u  io l/t u ns </4 o l/t x:
Oi a. a. cx a. o «j Oi Cl a. 04. at <o 04. Oi • o u
c >»C •C Oi >t C x: p cx c
o -Q UJ u E — u £ E — L> IA oO
Q.
- - IO »— CO CO CO CO CO o o * — CO CO in to 04
*” *“ ■ *“
X u. u. X X u. X X u. u. u. U. u. X u. u . u. X
CM CM CO r>. Cs. V to CO 04 in y CM in to
'T CO rs. to 2 to IN. rN rx z CO CO r>.
«*■ in IO r * CO 04 o CM CO tn to IN. 00 04 oro co CO CO CO CO ^ r **■ in in
< < < < < < < < < < < < < < < < < <
239
A5
2 
67
 
M 
4 
po
st
 
m
y
o
ca
rd
ia
l
V <0 « « V «> « «> «J w « «J » *> •> IO
c c c c c c c c c c c e c c e
o a o a a o o o o o o o o o o
-o ■o T3 ■o ■o tj tj TJ TJ TJ TJ ■o TJ ■o TJ
p P P p P p p P P P P p P p P
o O o o O e o O O O o a o o O
c c c c c c c c c c c c e c e 1
(Si (M CM oo 1 1 1 1 i i 1 i 1
(Si (Si in in in in a 1 1 • 1 i i 1 i 1
CM «M (M (M m
« a> «J •j V 10 «> « t> « < i « « «J €J «l
c c C c c c c c e c c c c e C c
o o o o o o o o o o o o o o o o
TJ •a ■o ■a X) TJ ■a TJ ■o TJ TJ ■o TJ T3 TJ TJ
P p p P p P p P p P P p P P P P
o o o a o o o o o O o o o O O a
c c c c c c c c c c c c c e c c
240
241
A8
7 
64 
M 
6 
re
s
p
ir
a
to
ry
 
fa
il
u
re
 
+ 
+ 
+ 
+ 
no
t 
do
ne
 
- 
8 
no
t 
do
ra
E IO
o S
c c O
•*X o c
u •M ■X
u P> u
to u t-
u c •e
• • <♦- io  a u
xx« CL a . c —X
<o o o •xX T J •*-»•*4 1 i t_ o to
£ 4-> *-> +-> a  u •*X
o M M O  <T3 £
c O O « O  <L- U
o a . CL £ >* C c
t- u E  — o
£ t-
•O
to-xX C c c
C O o a
o •xX •xX •xX
E +-» ■M +->
3 « • U O o
a> O l a . « a> «
c O o <L- H- <♦-
a. 1 i c c c
+J ■M •XX •xx •XX
Q. V) M
O o O ■M p
1 a. Q. ID ID ID
4-» « 0)
V) £ £ £
O U U U
P
CD
4>
U
a . CL cx CL CL •B  i -
o o a O O «o
i i i 1 1 •1
•M +> +-> P P* ID U
CD CD «D CD CD o  «o
a O O O O TJ —
a . CX OL a . CL «- "O
V  u  
>  io 
o  o
co co co co co oo o \  a \  o >  o \  a%  o \
X - tM x— CO in O l CO cn co CM tn 00 r-x CO CM O l
|N» <M tn 10 r<* vo r*x tn tn CO r-x in CO tn CM tn CM cn
o _ CM tn «*■ in
CO O l o X— CM tn <vf in CO rx CO O l o o O o O o
CO CO O l O l O l O l O l O l O l O l O l O l XXX XX XX* x» »x x—
c < < < < < < < < < < < < < < < < <
242
A1
06
 
72 
H 
9 
he
ar
t 
fa
ilu
re
 
+ 
+ 
+ 
+ 
no
t 
do
ne
 
- 
64 
no
t 
do
243
A1
25
 
69 
M 
14 
ch
es
t 
in
fe
ct
io
n 
+ 
+ 
+ 
+ 
no
t 
do
ne
 
- 
16 
no
t 
do
i
4) 4) *> 4; 4> 4> 4) « 4J 4) 4) 4) 4> 4> 4) 4> 41 4)
C e c c C c c c C C C C C c C c c c
O o o o O o o o O o O o o o O a o o
■o •a T3 ■o •a •a •o ■o ■a T3 •o ■o ■o -a TJ ■o ■o T5
■P> + i •pi •pi ** ■M ■pi ■Pi •pi •pi ■pi p p •p > ■pi +-» ■pi •pi
o O O o o o o o o O O a o o O o a O
c c c c e c c c c c c c c c e c c c
CM VO VO CO CO CO VO CO VO CO VO VO CO CM VO vO
CO
1 1 1 1 i 1 1 1 1 1 1 1 1 1 i 1 i 1
41 4) 4) 4 ) 41 V V 4) 4> 41 41 V 4> 4) 4) 4) 4> 4 i
c c c C C c c c C C c c c C C C C c
o o o o O o a o o a a o o o o o o o
■o ■o •ts T3 ■o ■© ■o -o T5 T3 ■o ■o ■o ■o -o ■o ■o •o
•pi •pi •Pi ■pi •pi +-» •pi •pi ■pi ■P> ■pi p -P> p i ■P* •pi ■pi ■pi
O a o O o o o o O O O a o o o o o o
c c c C c c c c c C c c e c c e c c
>» «—»
u •a
o c: —4 c e e
pi o c a 4) o o
to 4* HH a b. •«4 b. *** .*■»•
u b. •Pi E ia ■P* 3 •p> p»
3 u 3 u u o
CL E • • • 4) • • 4) 3 4) • • 41 41 •tn in a . cx a . <P- cx cx e U  P vp- •O CX cx vp. <P- cx
t> p» <a —• o o o C o a cx UI c C <P- o o C C o
b  M Vp. •—« i 1 i 1 i to 41 •H 1 • •»* 1
1 4) o -*-» ■pi p > pi ■p> • >  T3 ■P» •pi •pi •pi
O b ■pi £ tn tn in -P> ID tn ex O —• ■P* b. tn tn ■pi •Pi tn
—* b. b. O o o a l/l o o o u  u M io o a UI tn o
"O <0 IO u a . a . cx 4) a . ex i JO o w 41 ex cx V 0) cx
b. a> •C ■p* 4) IO ■e JZ JZ
*0 jC io o tn b. u o u
u o 4 i
ex U
* r o vo in r x CM cn t o M- cn n«. 00 cn o in c*. CO
O* in CO in in CO tn m r*» !> . VO VO r-» r» . V0
t o r** CO o i o _ CM CO •O ’ m IO rv CO O l o CM CO
CM CM CM CM n CO CO CO CO CO CO CO CO CO «»
< c < < < < c < < < < < < < < < < <
244
A1
44
 
60 
H 
19 
po
st
-o
p.
 
+ 
+ 
+ 
+ 
no
t 
do
ne
 
- 
2 
no
t 
do
i
«> Q> e> V «> o V a> 0) «>
C - c c c c c c c c c
o o o o o o o o o o
TJ T3 ■o ■o ■o ■o ■O X3 T3 T>
■fJ +-> ■M •*■> +» •*■> +-> •M 4-> ♦ *
o a o o o o o o o o
c c c c c c c c c c
«# CO N
10
I I I I I I I I I I
O 0) 0> «>
c c c c
o o o o
"O  T3 "O  TJ
+* P +» ♦*o o o o
c c c c
I
c cu o o
V ) (TJ • * .
at +J 4->t_ 3 o U
i. « . • . • U w 4»
IQ a. a . cx cx cx l/t +-> <k «*-
o o o o o IQ C c Cu 1 i • 1 • >  « o
•a ♦» *» •M •M o -o 3CO co CO CO CO t- — +-> 4-> a .
•a o o o o o 0  u co COa. a . O l cx a . V u «> «
IQ i- IQ c JCo €J o u
u
at cn cn cn cn cn cn cn cn
* ” T_ * “ * “ *“ *”
X X u. X X
o tn p*. CO .* CD o CO JC10 tn *” cn c cn CO cn cn c
■0 CD px CO cn o _ CM tn o*cn in cn in cn
< < < < < < < < < <
ID 
10 *-
245
A1
55
 
47 
F 
3 
ch
es
t 
in
fe
ct
io
n 
+ 
+ 
+ 
+ 
no
t 
do
ne
 
no
t 
do
ne
CM OO CO 10 10 CM 10 ro *- CMtn
« « <u a i «> CD « 4) a> 4> Vc c . c c c c c C c C co o o o o o o o o o oTJ TJ TJ ■o ■o •o TJ •o TJ TJ TJ
* * 4-» * * ■M 4J 4->
O O Q o o o Q o o o Oc C C c c c c c c c C
246
Antibody was detected in 10 of 28 (36%)  acute phase 
sera which contained pneumococcal an t igen .  However, 105 
of 121 (87%) of acute phase sera wi thout  pneumococcal 
ant igen (Table 43) did contain ant ibody and t h i s  
d i f f e r e n c e  was s t a t i s t i c a l l y  s i g n i f i c a n t  ("p" < 0 . 0 0 1 ) .
The ant ibody t i t r e s  on 3 pai red sera showed
a s i g n i f i c a n t  r i s e  in two p a t i e n t s .  The t i t r e  of t y p e -  
s p e c i f i c  ant ibody in acute and convalescent  sera of  one 
p a t i e n t  was unchanged.
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Table 43
Pneumococcal antigen and antibody in acute serum of 
patients with pneumococcal chest infection secondary to 
other pathology
Antibody Number of  
Acute phase blood present  pa t i e n ts
No ant igen detected 105(86%) 121
Antigen present  10(43)  28
2
"p" <0.001 ( X =33,  ca lcu la t ed  from absolute  va lues)
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3 . 4 . 4 .  Laboratory t e s t s  on p a t i e n ts  wi th nan-  
r e s p i r a t o r y  pneumococcal i n f e c t i o n
Table 44 shows the r e s u l t s  of l abora to ry  te s ts  on 
p a t ie n ts  wi th n o n - r e s p i r a to ry  pneumococcal i n f e c t i o n .  Of 
28 p a t i e n t s ,  15 were female and there  were 7 deaths.  The 
mean age was 51 (range 6 months -  84 y e a r s ) .  
S.pneumoniae or pneumococcal ant igen was detected in 
acute phase blood of  27 p a t i e n t s .  The same type of  
pneumococcus or pneumococcal ant igen was detected in 
m at e r ia l  obtained from the focus of  i n f e c t i o n  in 13 of  
the 27 p a t i e n t s .  The ma te r ia l  examined was 
cerebrospina l  f l u i d  (11)  an ear  swab (1 )  and a knee 
a s p i r a t e  ( 1 ) .  M a te r ia l  f o r  examinat ion was not a v a i l a b l e  
from the other  14 p a t i e n t s .
Of 23 p a t ie n ts  wi th pneumococcal bacteraemia,  ant igen  
was detected in acute phase serum of  10 (43%).  A f u r t h e r  
3 pa t i e n ts  also had pneumococcal ant igen in t h e i r  acute  
phase blood , but no bacteraemia.
Antibody was detected in 9 of 23 (39%) p a t i e n t s  wi th  
bacteraemia or ant igenaemia and a s i g n i f i c a n t  r i s e  in 
t i t r e  was observed in th ree  pai red sera.
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3 . 4 . 5 .  Summary of  r e s u l t s  of  l ab ora to ry  t e s t s  on 
specimens from p a t ie n ts  wi th pneumococcal 
i n f e c t i o n
Results of c u l t u re  f o r  S.pneumoniae and te s t s  f o r  
pneumococcal ant igen ca r r i ed  out on blood and other  
c l i n i c a l  specimens from pa t i e n ts  in each of the four  
categor ies  are summarised in Table 45.  The r e s u l t s  show 
t h a t  49 (48%) cases in Group "P" and 24 (86%) of
pa t ie n t s  in Group "S" had pneumococcal bacteraemia.  In 
c o n t r a s t ,  p a t i e n ts  in Groups “C" or " A" did not have
bacteraemia al though blood cu l tu re  was ca r r i ed  out in
only one f i f t h  of these cases.  Pneumococcal ant igen  
was detected in the acute phase blood in 45% and 48% of  
pat ien ts  in Groups "P" and "S" r e s p e c t i v e l y .  Whereas in 
pa t ie n ts  in Groups "A" and "C" pneumococcal ant igen was 
detected in only 19% and 13% r e s p e c t i v e l y .
Pneumococcal ant igen was detected in 98% and 
S.pneumoniae was i so la ted  from approximately 85% of  
sputa of cases in Groups "C" and "A". However, the  
d i f f e r e n c e  in p o s i t i v i t y  between c u l t u re  and ant igen  
detec t ion  in r e s p i r a t o r y  specimens from p a t i e n t s  in 
Group "P" was 42%. In Group "S" m at e r ia l  from the
i n f e c t i o n  focus was examined in only h a l f  of  the
p a t i e n t s .  In these pneumococcal ant igen was detected in 
100%, whereas S.pneumoniae was i s o l a t ed  from 86%.
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Table 45:
Summary of the results of laboratory tests on specimens 
from patients with pneumococcal in fect ion .
Group P Group C Group A Group S
number of cases 123 109 166 28
Acute phase 
blood
Bacteraemia 48%. 0% 0% 86%
Antigenaemia 45% 14% 19% 48%
Ma ter ia l  from 
the focus of 
i n f e c t io n
pneumococci
i so la te d 42% 85% 85% 85%
pneumococcal 
ant igen present 98% 98% 98% 100%
Group P = pneumococcal pneumonia
Group C = acute exacerbat ion of chronic o b s t r u c t i v e
airways d isease.
Group A = acute pneumococcal chest in f e c t i o n  secondary to  
other  pathology.
Group S = no n- re s p i ra to ry  pneumococcal i n f e c t i o n
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Results of sputum examinat ion,  when cases were 
categor ised according to c l i n i c a l  d iagnos is ,  are shown 
in Table 46.  They show the s i m i l a r i t y  between Groups 
"A" and "C", whereas in cases of pneumonia only the  
r e s u l t s  of ant igen te s t s  were comparable wi th the other  
2 groups. Pneumococcal ant igen in sputum i d e n t i f i e d  
the g r ea tes t  number of pneumococcal chest i n f e c t i o n s .
Results of blood cu l t u re  and t e s ts  f o r  pneumococcal  
ant igen and ant ibody in acute phase blood of p a t i e n t s  
with pneumococcal in fe c t io n s  are summarised in Table 47.  
They show t h a t  in a l l  groups t y p e - s p e c i f i c  pneumococcal  
ant ibody was present  - i n  acute phase blood of t h r e e -  
quar ters  of the p a t i e n ts  when bacteraemia or  
antigenaemia were absent .  However, the percentage of  
p a t i e n ts  wi th ant ibody in acute phase serum was reduced 
when pneumococcal i n f e c t i o n  was accompanied by 
bacteraemia or ant igenaemia.
Table 48 shows the r e s u l t s  of t e s ts  fo r  pneumococcal  
ant igen and ant ibody in acute blood of p a t i e n ts  on whom 
blood cu l t u re  was not done. They show, a l s o ,  t h a t  the  
percentage of pa t i e n ts  wi th t y p e - s p e c i f i c  ant ibody in 
acute phase blood was markedly reduced amongst p a t i e n t s  
with pneumococcal ant igen in t h e i r  serum.
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T a b l e  4 6 :
Sputum examinat ion in p a t i e n ts  wi th pneumococcal  
i n f e c t i o n  of the lower r e s p i r a t o r y  t r a c t .
Group P Group C Group A
Number of
pa t i e n ts  122 101 163
Number of
sputa 84 109 166
purulent
sputum 49(59%) 95(87%) 143(86%)
Diplococci
seen 32(39%) 80(73%) 131(79%)
Cul ture
p o s i t i v e  45(54%) 93(85%) 140(84%)
Antigen
p o s i t i v e  80(95%) 107(98%) 162(98%)
Group P = pneumococcal pneumonia
Group C = pneumococcal i n f e c t i o n  associated wi th acute  
exacerbat ion of chronic ob s t r u c t i v e  ai rways  
disease
Group A = acute pneumococcal chest i n f e c t i o n  secondary 
to  other  pathology
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3 .4 .6 .  Urinary antigen in re la t ion  to bacteraemia and 
antigenaemia in patients with pneumococcal 
in fec t ion .
Results of  t e s t s  f o r  pneumococcal ant igen in ur ine  of  
91 pa t i e n ts  are compared wi th the r es u l ts  of  c u l t u re  and 
presence of ant igen in blood taken at  or about the same 
t ime (Table 4 9 ) .  A number of the pa t i e n ts  included in 
Tables 33 ,40 ,42  and 44 were studied and are i d e n t i f i e d  
by t h e i r  case numbers. Hence, specimens of  ur ine  were 
examined from pa t i e n ts  wi th pneumonia ( 4 9 ) ,  non-  
r e s p i r a t o r y  pneumococcal in f e c t i o n  ( 1 3 ) ,  acute chest  
i n f e c t i o n  secondary to other  pathology (17)  and 
pneumococcal i n f e c t i o n  associated wi th acute  
exacerbat ion of  chronic ob s t r u c t i v e  airways
d i s e a s e ( 1 2 ) .
/
The s c a t t e r  diagram ( F i g .  XXVI I )  shows the c o r r e l a t i o n  
between pneumococcal ant igen in ur ine  and blood.  
C l e a r l y ,  in about h a l f  of these p a t i e n ts  an t i g e n u r ia  
did not c o r r e l a t e  wi th ant igenaemia.  Furthermore,  the  
r e l a t i v e  amounts of ant igen detected in pa i red  
specimens of blood and ur ine  d i f f e r e d  widely  in most 
p a t i e n t s .
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Figure X X V I I :
C o r r e la t io n  between pneumococcal ant igen in the ur ine  
and blood of  p a t i e n ts  wi th pneumococcal i n f e c t i o n .
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The r e l a t i o n s h i p  between ant igen in the acute phase 
blood and ur ine  of  p a t i e n ts  in each of  the four  
ca tegor ies  are summarised in Table 50.  The r e s u l t s  show 
t h a t  an t ig enu r ia  occurred in 20 (43%) p a t ie n ts  in
Group "P",  4 (13%) pa t i e n ts  in Group "S" and 3 (23%)
p a t ie n ts  in Group "C". However pneumococcal ant igen was 
not found in the acute phase ur ine  of 17 p a t i e n ts  in the  
less severely  i l l  p a t i e n ts  of Group "A". Ant igenur ia  
th e r e fo r e  was more l i k e l y  in more severely  i l l  p a t i e n t s .
Table 51 shows t h a t  in pa t i e n ts  wi th pneumonia the  
incidence of an t ig enu r ia  was s i g n i f i c a n t l y  h igher  in 
those wi th ant igenaemia than those who did not have 
antigenaemia ( < 0 . 0 0 1 ) .
Specimens of ur ine  and blood from 14 pneumonia 
p a t i e n ts  were examined f o r  pneumococcal ant igen during  
convalescence - these included 3 p a t i e n ts  from whom 
acute phase ur ine  was not t e s te d .  Of 10 p a t i e n ts  wi th  
pneumococcal ant igenaemia,  wi th or wi thout  an t i g e n u r i a  
during the acute phase, pneumococcal ant igen was 
detected in convalescent  ur ine  of 8 and the blood of  7.  
However, one p a t i e n t  who had n e i t h e r  ant igenaemia nor  
an t ig enu r ia  during the acute phase had both ant igenaemia  
and an t ig enu r ia  during convalescence.
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T a b l e  51^
Pneumococcal ant igen in acute phase ur ine  of  p a t i e n t s  
with pneumococcal pneumonia wi th and wi thout  
ant igenaemia.
Antigen Number of  
Acute phase blood present  p a t i e n ts
No ant igenaemia 5(20%) 25
antigenaemia 15(71%) 21
Total  46
2
"p" <0 .001(  X =12 . 2 ,  ca lcu la ted  from absolute va lues)
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3 . 4 . 7 .  T y p e - sp e c i f i c  ant ibody in 45 pa i red sera of  
pa t i e n ts  wi th pneumococcal i n f e c t i o n .
Table 52 shows the r e s u l t s  of ant ibody t i t r a t i o n s  on 
45 pai red sera of p a t i e n ts  wi th pneumococcal i n f e c t i o n  
included in Tables 33 ,40 ,42  and 44.  The m a jo r i t y  of  
pa t i e n ts  studied had pneumonia (33)  and, to ge ther  wi th a 
few pa t ie n ts  from the other  th ree  groups,  are  
i d e n t i f i e d  by t h e i r  case number.
The m a j or i t y  of  p a t i e n ts  (67%) had a 4 - f o l d  or  
g r e a te r  r i s e  in ant ibody t i t r e .  In s i x ,  the increase  
in t i t r e  was found despi te  the presence of  homologous 
pneumococcal ant igen in the convalescent  serum.
The r e s u l t s  are summarised in r e l a t i o n  to ant igenaemia  
and bacteraemia in Table 53 and show a 4 - f o l d  or  
gr e a te r  r i s e  in 11 of 19 (58%) p a t i e n ts  wi th
antigenaemia ( both wi th or wi thout  bacteraemia)  
compared to 8 of 9 (89%) wi th bacteraemia a lone .
Five of  8 p a t i e n ts  wi th ant igenaemia during the acute  
phase but who did not respond wi th a s i g n i f i c a n t  r i s e  
in ant ibody t i t r e ,  had homologous ant igen in both acute  
and convalescent  sera .  Of the remaining t h r e e ,  ant ibody  
was present  in both acute and convalescent  serum of  one 
p a t ie n t  and the other  two had no demonstrable ant ibody  
in e i t h e r  acute or convalescent  sera .  The l a t t e r  were 
i n fec ted  with S.pneumoniae type 8 .  S i m i l a r l y ,  the one 
p a t ie n t  wi th bacteraemia a lone,  who did not have a 
detec tab le  ant ibody response,  also was in fe c t ed  wi th
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Table 52:
 r
Titres  of type-specif ic  antibody in paired sera of 
patients with pneumococcal infection.
ACUTE BLOOD CONVALESCENT BLOOD
Case
No. type
C u l t . Ag. Ab. Ag. Ab
P1 1 + + <2 + 16
P2 3 + + <2 + 8
P3 8 + + <2 - 32
P4 1 + + <2 + <2
P5 9 + + <2 + <2
P27 1 + - <2 - 16
P28 4 + - <2 - 16
P29 5 + - <2 - 32
S14 10 + - <2 - 32
S17 19 + - <2 - 32
P35 1 + - 2 - 64
P37 14 + - 16 - 64
P30 8 + - <2 - -
P50 8 - - <2 + 32
P71 3 not done + <2 + 8
C2 3 - + <2 - 16
C29 14 not done + <2 - 16
P58 7 - + <2 - 32
S27 14 not done + 4 - 32
P62 3 - + 4 + 16
P64 19 - + 4 + 16
P61 1 + 16 + 16
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P63 3 - + 2 + 4
P65 3 - + 4 - 8
P73 8 not done + - - -
P51 8 - + - + -
P52 8 - + - - -
A13 18 - - - - 4
P110 5 not done - - - 512
A67 7 not done - - - 16
P85 3 - - 4 - 16
P86 7 - - 16 - 128
P87 9 - - 4 - 16
P88 9 - . - 2 - 32
P114 3 not done - 4 - 16
C40 3 not done - 4 - 16
C78 15 not done - 4 - 32
C97 19 not done - 4 - 16
P84 3 - - 4 - 8
P83 1 - - 8 - 8
A19 6 - - 8 - 8
C49 6 not done - 8 - 8
P77 3 - - - + -
P111 23 not done - - - -
*
ant ibody t i t r e  is the r e c i p ro ca l  of  the highest  
d i l u t i o n  of serum g iv ing  c l e a r  pe r iphe ra l  f luorescence  
with homologous pneumococci
Heavy type are the serum pa i rs  which do not show a > 4 
fo l d  r i s e  in t i t r e .
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Table 5 3 :
Summary of  r e s u l t s  of  ant ibody t i t r e s  in acute and 
convalescent  sera of  p a t i e n ts  r e l a t i v e  to the r e s u l t s  
of  acute phase blood.
Number of  convalescent  sera 
showing a >4 fo ld  r i s e  (%)
Antigenaemia  
(wi th  or wi thout
bacteraemia)  11 of  19 (58%)
Bacteraemia alone 8 of 9 (89%)
No bacteraemia /
or ant igenaemia 11 of  17 (65%)
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S.pneumoniae type 8 .
A 4 - f o l d  or g r e a t e r  r i s e  in ant ibody t i t r e  was not  
observed in s ix  p a t i e n ts  who had n e i t h e r  ant igenaemia  
nor bacteraemia during the acute phase. However 4 of  
them had approximately the same t i t r e  of ant ibody in 
both samples. Of the remaining two,  one had ant igen  
present  in convalescent  serum and the other  was a type  
23 i n f e c t i o n .
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3 . 4 . 8 .  Resul ts of  c u l t u r e  and ant igen te s ts  f o r  
pneumococci in sputum r e l a t i v e  to t ime and 
t r ea tm e nt .
From 398 p a t ie n ts  two or more specimens of  sputum 
were examined f o r  pneumococci by c u l t u re  and ant igen  
t e s t s .  Specimens were not ne cessar i l y  s e r i a l  samples 
from the same p a t i e n t  and th e r e f o r e  ana lys is  was l i m i t e d  
to the recogn i t ion  of general  t rends which r e l a t e  to  
changes in s tatus of  cu l t u re  and ant igen t e s t s  w i th
respect  to both t ime and t r ea tm e nt .  Moreover,  each
episode recorded was nat neces sa r i l y  r e s t r i c t e d  to an 
i n d iv id ua l  p a t i e n t  ; several  occurred in the same 
p a t i e n t .  The re s u l t s  of c u l t u r e  and t e s t s  f o r  
pneumococcal ant igen on specimens of  sputum which were 
examined a f t e r  ( and inc luding ) the i n i t i a l  d i agn os t ic  
specimen were compared in the d i f f e r e n t  c l i n i c a l  
groups ( P, A and C) and div ided f u r t h e r  in to  t r e a t e d
and untreated p a t i e n t s .  Subsequent sputum specimens 
examined on days 1 to 7 a f t e r  the i n i t i a l  specimen were 
considered par t  of  the i n i t i a l  episode,  whereas those  
examined a f t e r  7 days were considered to represent  a new 
episode.
D i f fe rences  between t r e a te d  and unt reated p a t i e n t s  
with respect  to the de tec t ion  of pneumococci or
pneumococcal ant igen in subsequent specimens of sputum 
( F ig .  X X V I I I )  i nd ica tes  th a t  fo l l o w i n g  a n t i b i o t i c  
the rapy ,  pneumococci were e l im in a te d  from the sputum of
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Figure X X V I I I :
Trends in sputum p o s i t i v i t y  wi th respect  to the  
de tec t ion  of  pneumococci or pneumococcal ant igen in 
t r ea te d  and unt reated p a t i e n t s .
100:
untreated
70
50
40
U 30
^ 20
treated
DAYS A F T E R  D I A G N O S I S
Note : These data are based on r e s u l t s  from a t o t a l  of  
55 unt reated and 209 t r e a te d  p a t i e n t s ;  not every  
p a t i e n t  was sampled at  both 1-2 days and 3-7 days.
43% of the pa t i e n ts  in 1 or 2 days and from 80% in 3 to  
7 days.  Conversely,  in p a t i e n ts  who were not t r e a t e d ,  
pneumococci were present  in the sputum of 96% a f t e r  3 to  
7 days. A t o t a l  of  55 pa t i e n ts  wi th pneumococci in 
t h e i r  i n i t i a l  sputum were not t r ea te d  before a second 
specimen was examined. Of these ,  32 were tes ted  a f t e r  1 
or 2 days and 7 of them (22%) were negat ive  by c u l t u r e  
and in ant igen t e s t s .  The remainder were s t i l l  c u l t u r e  
p o s i t i v e ,  al though 7 of 25 (28%) were ant igen ne ga t i ve .  
These re s u l t s  suggest t h a t  pneumococci and pneumococcal  
ant igen can be e l im ina ted  from p a t i e n t s '  sputum wi thout  
a n t i b i o t i c  t r ea tm en t .  However, at  3 to 7 days,  22 of  23 
untreated pa t i e n ts  (96%) were c u l t u re  p o s i t i v e  wi th  
unchanged ant igen status r e l a t i v e  to the r e s u l t s  of  
the i n i t i a l  specimen.
Only 17% of t r e a te d  p a t i e n t s ,  in whom the i n i t i a l  
sputum was c u l t u r e - p o s i t i v e ,  remained c u l t u r e - p o s i t i v e  
a f t e r  1 or 2 days t r ea tm e nt .  The other  p o s i t i v e  
specimens detected were c u l t u r e - n e g a t i v e  but contained  
the same pneumococcal ant igen type found in the f i r s t  
specimen. However, the t i t r e  of  pneumococcal ant igen in  
these specimens was reduced by four  f o ld  or more in 62% 
of  cases.
These re s u l t s  show t h a t ,  in p a t i e n t s  who were t r e a t e d  
with a n t i b i o t i c s  pneumococci were r a p id ly  k i l l e d .  In a l l  
cases cu l tu res  were negat ive a f t e r  2 days t r e a t m e n t ,  
al though pneumococcal ant igen pers is ted  in the sputum 
of some p a t ie n ts  f o r  longer per iods .
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Results of t rea tment  in r e l a t i o n  to pathology
Of 209 episodes ( in  203 p a t i e n t s ) ,  the m a j or i t y  of  
whom were t r e a te d  wi th a p e n i c i l l i n  or co t r im o xaz o le , 
20% had pneumonia, 42% acute chest i n f e c t i o n  secondary 
to other  pathology and 38% pneumococcal i n f e c t i o n  
associated wi th acute exacerbat ion of  chronic  
o b s t r uc t iv e  airways d isease.  The cumulat ive percentage  
of negat ive specimens at  day 7 was 80%, but the r e s u l t s  
of c e r t a i n  groups of p a t i e n ts  d i f f e r e d  s i g n i f i c a n t l y  
from t h i s  (Table 54 ) .  For example,  only 51% of p a t i e n ts  
with pneumonia were negat ive  by day 7 ,  compared to  87% 
of the others (p < 0 . 0 0 1 ) .  O v e r a l l ,  only 50% of a l l  
p a t i e n ts  in whom the i n i t i a l  sputum was c u l t u r e -  
negat ive but a n t i g e n - p o s i t i v e ,  were negat ive  by day 7 
and d i f f e r e d  s i g n i f i c a n t l y  when compared to 89% of  
p a t ie n ts  in whom the i n i t i a l  sputum was c u l t u r e  p o s i t i v e
(p < 0 . 0 0 1 ) .
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Recurrence and re lapse
Forty f i v e  of 203 p a t i e n ts  had a recurrence of  
pneumococcal i n f e c t i o n .  In 30 episodes the  
pneumococcal type was d i f f e r e n t  and in 19 the  
pneumococcal type was the same. In 17 of the 19 p a t ie n ts  
i n fec ted  wi th the same type sputum c u l t u re  and ant igen  
t e s t s  ca r r i ed  out whi le  the p a t i e n t  was being t r e a te d  
showed th a t  pneumococci had been e l im ina ted  from the  
p a t i e n t ' s  r e s p i r a t o r y  t r a c t  before the second episode.  
Table 55 gives the d e t a i l s  of recurrence in sputa 
from pa t i e n ts  p rev ious ly  t r ea te d  f o r  pneumococcal chest  
i n f e c t i o n .  The re s u l t s  show t h a t  previous pneumococcal  
i n f e c t i o n  and t rea tment  does not preclude f u r t h e r  
episodes due to the same pneumococcus. However, a f t e r  2 
weeks, the type of pneumococcus involved is more l i k e l y  
to d i f f e r  from the i n i t i a l  organism.
In a l l ,  87 episodes ( in 76 p a t i e n t s )  were due to the  
same pneumococcal t ype ,  167 episodes ( in 132 p a t i e n t s )  
to d i f f e r e n t  types .  Pneumococci or pneumococcal ant igen  
were detected in sputum of 36 pa t i e n ts  between 7 and 14 
days a f t e r  i n i t i a l  diagnosis and the s t a r t  of  a n t i b i o t i c  
t r ea tm e nt .  In 9 of these p a t i e n t s ,  the pneumococci were 
d i f f e r e n t  from the types detected in the i n i t i a l  
sputum. However, the pneumococcal type detected in the  
other  27 was the same as th a t  detected i n i t i a l l y .  These 
"re lapsing"  pa t ie n ts  f i t t e d  in to  one of  th re e  
ca teg or ies .
1. Four p a t ie n ts  wi th pneumonia from whom the i n i t i a l
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T a b l e  5 5 :
$
Recurrence of  pneumococci in the sputum of  p a t i e n ts  
prev ious ly  t r e a t e d  f o r  pneumococcal i n f e c t i o n .
Sputum p o s i t i v e  when tes ted  at
4 to 14 2 weeks to 1 to 3
Recurrence days 11 months years
Total  number 
of cases 36 150 68
percentage  
recurrence  
with the same type 75 33 15
percentage  
recurrence  
d i f f e r e n t  type 25 . 66 85
*= based on r e s u l t s  of c u l t u r e  and t e s t s  f o r  pneumococcal  
ant igen.
$
= most of these p a t i e n ts  had chronic ob s t r u c t i v e  airways  
disease.
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sputum was c u l t u r e - n e g a t i v e  but a n t i g e n - p o s i t i v e .  These 
included one p a t i e n t  whose sputum was c u l t u r e - n e g a t i v e  
but a n t i g e n - p o s i t i v e  f o r  a t o t a l  of  25 days a f t e r  
i n i t i a l  d iagnosis .  This p a t i e n t  was t r e a te d  wi th a 
number of  a n t i b i o t i c s ,  ac t i v e  against  pneumococci,  both 
s ingly  and in combination during the per iod of  
convalescence.
2.  A n t i b i o t i c  t rea tment  was i n e f f e c t i v e  in 13 p a t i e n t s .  
Consequently t h e i r  sputum remained c u l t u r e - p o s i t i v e  and 
with one except ion a n t i g e n - p o s i t i v e  a lso .  Cephalosporins  
(cephradine and cepha lex in)  were used to t r e a t  7 
p a t i e n ts  and s e p t r i n ,  t e t r a c y c l i n e  and moxalactam was 
used to t r e a t  one each of th ree  o thers .  The remainder  
had been given a m p i c i l l i n ,  but during t reatment  a be ta-  
lactamase producing bacterium was i s o l a t ed  from the  
sputum on c u l t u re  i . e .  H . i n f l u e n z a e , B . c a t t a r h a l i s  and
S.aureus in three  d i f f e r e n t  p a t i e n t s .  Beta - lactamase  
a c t i v i t y  was also demonstrated d i r e c t l y  in a sample of  
the homogenised sputum from a l l  th ree  .
3.  Ten p a t ie n ts  t r e a te d  f o r  pneumococcal i n f e c t i o n  
became c u l t u re  and an t ige n - ne g a t iv e  whi le  rec e iv in g  an 
a n t im ic r o b ia l  agent .  However w i t h in  a week of stopping  
the a n t i b i o t i c  t h e i r  sputum contained the same 
pneumococcal type as was detected in the i n i t i a l  sputum.  
Homologous pneumococcal ant ibody was detected in the  
convalescent  serum, taken between episodes,  in e ig h t  of  
these p a t i e n t s .  Thus, al though the number of  p a t i e n t s  
tested was smal l ,  the r e s u l t s  in d i ca te  t h a t  the
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presence of ant ibody in serum does not  
recurrence of r e s p i r a t o r y  t r a c t  i n f e c t i o n .
prevent
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3 . 4 . 9 . Presence of  pneumococci in the r e s p i r a t o r y  t r a c t  
as an i n d i c a t o r  of  f u t u r e  development of a 
pneumococcal chest i n f e c t i o n .
Two studies were ca r r i ed  out :
1. Nasopharyngeal swabs, from 94 p a t i e n ts  admit ted to  
hosp i ta l  f o r  e l e c t i v e  surgery,  were tested f o r  
pneumococci before surgery.
2 . Specimens of sputum from 30 p a t ie n ts  wi th chronic  
b r on ch i t i s  were tes ted  at  d i f f e r e n t  t imes dur ing a two 
year  per iod.
Although the numbers of  p a t i e n ts  who developed a chest  
i n f e c t i o n  a f t e r  i n i t i a l  t e s t i n g  were too small  to be 
s i g n i f i c a n t ,  the r e s u l t s  suggested t h a t  the r e  was no 
c o r r e l a t i o n  between the ca r r i ag e  of pneumococci in the  
r e s p i r a t o r y  t r a c t  and the f u t u r e  development of  a 
pneumococcal chest i n f e c t i o n .  For example,  none of  the  
surg ica l  pa t i e n ts  wi th S.pneumoniae in t h e i r  nasopharynx 
developed chest i n f e c t i o n  p o s t - o p e r a t i v e l y . Furthermore  
none of the pa t i e n ts  who had a chest i n f e c t i o n  a f t e r  
operat ion ca r r i ed  pneumococci in t h e i r  nasopharynx 
before surgery.  S i m i l a r l y ,  in chronic b r o n c h i t i c s ,  
S.pneumoniae was not i s o l a t e d ,  at  the t ime of c l i n i c a l  
ex acerba t ion ,  from p a t i e n ts  who had pneumococci in t h e i r  
sputum before exacerba t ion ,  whereas in p a t ie n t s  wi th  
pneumococcal i n f e c t i o n  associated wi th acute exacerba t ion  
of chronic b r o n c h i t i s ,  only a few had the same type of  
pneumococcus in t h e i r  sputum before the ex ace rba t i on .
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3 . 5 . PNEUMOCOCCAL TYPE DISTRIBUTION
3 . 5 . 1 .  Comparison of  the d i s t r i b u t i o n  of  pneumococcal  
types in the sputum of  p a t i e n t s  wi th pneumonia, acute  
chest i n f e c t i o n  secondary to  other  pathology and 
pneumococcal i n f e c t i o n  associated wi th acute
exacerbat ion of  chronic o b s t r u c t i v e  airways d isease .
A t o t a l  of 1682 episodes of pneumococcal chest  
i n f e c t i o n  were inves t iga te d  by c u l t u r e  and t e s ts  f o r  
pneumococcal ant igen on sputum.
The d i s t r i b u t i o n  of types in r e l a t i o n  to the th re e  
c l i n i c o - p a t h o l o g i c a l  groups ( F ig .  XXIX) shows t h a t  the  
types detected were s i m i l a r .  However, the r e  were 
notable d i f f e r e n c e s .  Type 1 accounted f o r  7.8% of  cases 
in Group "P" , less than 1% in Group “A" and was not
found amongst the cases in Group "C". There were fewer  
episodes of i n f e c t i o n  due to types 24 and the h igher  
types in each of the th ree  groups; f o r  example types  
2 4 , 2 5 , 2 7 , 2 8 , 3 1 , 3 2 , 3 6 , 3 7 , 3 8 , 3 9 , 4 7  and 48 were not found 
amongst pa t i e n ts  wi th pneumonia and only r a r e l y  in the  
other  two groups.
The frequency of  the 15 most common types detected in 
a l l  cases,  is shown f o r  each c l i n i c a l  group in Table 56.
Types 3 and 19 predominated in a l l  groups but th e r e  was
some v a r i a t i o n  in the d i s t r i b u t i o n  of o ther  t ypes .  Types 
6 and 17 were i s o l a t ed  4 t imes more of ten  from p a t i e n t s  
in Groups "A" and "C" than in p a t i e n ts  in Group "P",  
whereas types 3 and 8 were i s o la t ed  2 to 3 t imes more
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Figure XXIX:
Comparison of  the d i s t r i b u t i o n  of  pneumococcal types in 
the sputum of  p a t i e n ts  wi th pneumonia, acute chest  
i n f e c t i o n  secondary to o ther  pathology and pneumococcal  
i n f e c t i o n  associated wi th acute exacerbat ion of  chronic  
ob st r u c t i v e  airways d isease .
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C+A- : S.pneumoniae i s o la t e d  on c u l t u r e  but pneumococcal
ant igen was not detected in the sputum.
C+A+ : S.pneumoniae i s o la t ed  on c u l t u re  and pneumococcal
ant igen detected in the sputum.
C-A+ : S.pneumoniae not i s o la t e d  on c u l t u r e  but
pneumococca1 ant igen was detected in the sputum.
P : pneumococcal pneumonia.
A : acute chest i n f e c t i o n  secondary to o ther  pa tho logy.
C : acute exacerbat ion of chronic o b s t r u c t i v e  airways  
d i sease.
Figure XXIX:
Comparison of  the d i s t r i b u t i o n  of  pneumococcal types in 
the sputum of  p a t i e n t s  wi th pneumonia, acute chest  
i n f e c t i o n  secondary to o ther  pathology and pneumococcal  
i n f e c t i o n  associated wi th acute exacerba t ion of  chronic  
o b s t r u c t i v e  airways d isease .
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C+A- : S.pneumoniae i s o la t e d  on c u l t u r e  but pneumococcal
ant igen was not detected in the sputum.
C+A+ : S.pneumoniae i s o la t e d  on c u l t u r e  and pneumococcal
ant igen detected in the  sputum.
C-A+ S.pneumoniae not i s o la t e d  on c u l t u r e  but 
pneumococca1 an t igen was detected in the sputum
pneumococcal pneumonia.
acute chest i n f e c t i o n  secondary to  o t her  pathology,  
acute exacerbat ion of  chronic  o b s t r u c t iv e  airways  
d i sease.
Table 56:
Frequency of the 15 most common types detected in the
sputum of patients with pneumococcal chest in fect ion .
*
CLINICAL DIAGNOSIS
type Group n p ii Group "A" Group "C"
No. of % No. of % No. of %
cases cases cases
3 29 22.7 69 7 .4 52 8 . 4
4 4 3.1 32 3.4 14 2 .3
6 3 2.3 96 10.3 60 9 .7
8 18 14.0 51 5.4 19 3.1
9 5 3.9 60 6 .4 46 7 .4
10 1 <1.0 31 3.3 14 2 . 3
11 4 3.1 44 4 .7 37 6 .0
14 5 3.9 33 2.8 29 4 . 7
15 3 2.3 25 2.7 18 2 .9
17 1 <1.0 44 4.7 44 7.1
18 2 1.6 30 3.2 16 2 .6
19 6 4.7 78 8 . 3 49 7.9
22 5 3.9 40 4 .3 20 3 .2
23 4 3.1 49 5.2 40 6 .5
42 1 <1.0 28 3.0 18 2 .8
Others 37 29.0 226 24.0 142 23 .0
Total 128 100 936 100 618 100
$ Type 1 was the t h i r d  most common type detected i
Group a p ii (7.8%) but was seldom iso la ted  from th
other two groups t h e r e fo re i t  was not considered t
be amongst the most*
common 15 types •
Pat ients  in Groups P, A and C were grouped accordin
to c l i n i c a l  diagnosis as def ined p r ev io u s l y .
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of ten  from p a t i e n ts  in Group "P". In ad d i t ion  i t  was 
found t h a t ,  when the d i s t r i b u t i o n  in Groups "A" and "C" 
were compared, type 17 was p rev a le n t  in Group "C" 
whereas type 8 was more common in Group "A". Table 57 
summarises the s t a t i s t i c a l  analys is  of  types associated  
with each of the th ree  groups.  Types 3 and 8 were 
i so la te d  s i g n i f i c a n t l y  more of ten from p a t i e n ts  wi th  
pneumonia than from pa t i e n ts  in Groups "A" and "C" (p 
< 0 . 0 0 1 ) ,  whereas type 6 was s i g n i f i c a n t l y  associated  
with chest in fe c t io n s  wi thout  pneumonia ( p<0. 0 0 1 ) .  
S i m i l a r l y  type 17 was also associated wi th chest  
i n fe c t io n s  wi thout  pneumonia ( p <0 .05 )  but was more 
of ten found in p a t i e n ts  wi th chronic o b s t r u c t i v e  ai rways  
disease (P < 0 . 0 5 ) .  Conversely type 8 was s i g n i f i c a n t l y  
associated wi th acute chest in fe c t io n s  secondary to  
other  pathology ( p < 0 . 0 5 ) .  No s i g n i f i c a n t  d i f f e r e n c e  was 
found in the incidence of  o ther  types in the t h re e  
c l i n i c o - p a t h o l o g i c a l  groups.
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T a b l e  57 :
The assoc ia t ion  of  p a r t i c u l a r  types of Streptococcus
pneumoniae wi th c l i n i c a l  p r es en t a t io n .
a.  Types associated wi th pneumonia.
 $ ----------------------------------------------------
No pneumonia No s i g n i f i c a n t  Pneumonia
d i f f e r e n c e
*
p value <0.001 <0.05 <0.05 <0.001
6 17 9 , 1 1 , 1 4 , 1 9 , 2 3  3,8
$
No pneumonia = acute chest i n f e c t i o n  plus acute
exacerbat ion of chronic ob s t r u c t i v e
airways d isease.
b. Types associated acute exacerbat ion of chroni  c
ob s t r u c t i  ve ai  rways disease and acute chest
i n f e c t i o n  secondary to other  pa tho logy .
Acute chest No s i g n i f i c a n t  Chronic
i n f e c t i o n  d i f f e r e n c e  o b s t r u c t i v e
airways disease
*
p value <0.05 <0.05
8 3 , 6 , 1 1 , 1 4 , 1 9 , 2 3  17
*  2
Determined using X in two by two cont ingency t a b le s
and incorpora t ing  Yates Correct ion f o r  C on t in u i ty
( S i e g a l , 1 9 5 6 ) .
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3 . 5 . 2 .  Comparison of  the d i s t r i b u t i o n  of  pneumococcal 
types in systemic disease and the  upper 
r e s p i r a t o r y  t r a c t  in adu l ts  and c h i l d r e n .
The sources of 874 S.pneumoniae s t ra in s  toge ther  wi th  
the age d i s t r i b u t i o n  of pa t i e n ts  are shown in Table 58.  
Three hundred and s i x t y  were from cases of  unequivocal  
pneumococcal disease and 514 were i s o l a t ed  from the  
upper r e s p i r a t o r y  t r a c t .  Blood c u l t u re  was the most 
common source of s t ra in s  from systemic disease (235)  and 
67% of blood c u l t u re  i s o la t e s  were from p a t i e n t s  over 50 
years of age. Of the upper r e s p i r a t o r y  i s o l a t e s ,  73% 
were obtained from the nasopharynx of  ch i ld re n  under 5 
years of old whereas only 6% of the s t ra in s  examined 
were from p a t i e n ts  over 50 years of age. In c o n t r a s t ,  
68% of sputum is o la t es  (see Table 58 f o r  d e f i n i t i o n  of  
these s t r a i n s )  were from p a t i e n ts  over 50.
The d i s t r i b u t i o n  of types in r e l a t i o n  to age (F ig .XXX)  
shows th a t  the s t ra in s  belonged to 38 types (20 
monotypes and 18 serogroups) .  I s o la t e s  t h a t  belonged to  
types 24 and the higher  types formed a small  p ropor t ion  
of i s o la t e s  in a l l  age groups.  Types 8 and 12 were not  
found in pre-school  ch i ld r en  but were found in both the  
upper r e s p i r a t o r y  t r a c t  and impl icated  in systemic  
pneumococcal in f e c t i o n  in the other  age groups.
The frequency of the 15 most common types in systemic  
disease and the upper r e s p i r a t o r y  t r a c t  is shown in 
Table 59.  Types 6 and 19 were predominant amongst 
s t r a in s  i so la te d  from the upper r e s p i r a t o r y  t r a c t  and
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Sources and age d is t r ib u t io n  of Streptococcus pneumoniae 
stra ins .
Numbers of  i s o la t e s  and age group
Source < 5 years 5-50 years >50 years Total
Blood 34 43 158 235
Cerebrospinal
f l u i d 17 20 29 66
Pleura l  f l u i d  
and post ­
mortem lung 6 6 27 39
*
Others 1 11 8 20
Total  systemic 
disease 58 80 222 360
Nasopharynx 289 80 25 394
Commensal 
in sputum$ 0 38 82 120
Total  upper 
r e s p i r a t o r y  
t r a c t  i s o la t e s 289 118 107 514
*
Is o la t es  from normal ly s t e r i l e  s i t e s , e.g. j o i n t f l u i d
and p e r i t on ea l  f l u i d .
$
Sputa wi th no pus in gram f i l m ;  no i n f e c t i o n  noted in
case sheet ;  no pneumococcal ant igen detected in 
sputum; and mixed growth of S.pneumoniae and upper  
r e s p i r a t o r y  t r a c t  organisms i s o l a t e d .
Table 59:
Frequency of the 15 most common types isolated from 
systemic disease and the upper respiratory t r a c t .
Systemi c d isease
Upper r e s p i r a t o r y  
t r a c t
Type
Number 
of i s o la t e s  %
Number 
of i s o la t e s %
1 30 8 .3 3 <1.0
3 38 10.5 32 6 .2
4 25 6.9 11 2.1
6 35 9 .7 105 20 .0
7 22 6.1 6 1.2
8 29 8 . 0 10 1.9
9 17 4.7 21 4.1
11 5 1 .4 21 4.1
12 16 4.4 3 <1.0
14 34 9 .4 27 5 .3
17 4 1.1 15 2.9
18 15 4.2 15 2.9
19 26 7.2 89 17.3
22 14 3.9 17 3 .3
23 14 3.9 63 12.3
Others 36 10.0 76 14.8
Total 360 100 514 100
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were also amongst the most common types associated wi th  
systemic disease in a l l  age groups. There was 
considerable  v a r i a t i o n  in the d i s t r i b u t i o n  of types in 
each category.  Types 1 , 4 , 7 , 8 ,  and 12 were i so la ted  
between 3 and 8 t imes more of ten from systemic disease  
than from the upper r e s p i r a t o r y  t r a c t ,  whereas types  
6 , 1 1 , 1 7 , 1 9  and 23 were i s o l a t ed  from 2 to 3 t imes more 
of ten from the upper r e s p i r a t o r y  t r a c t  than from 
systemic d isease.
Table 60 summarises the s t a t i s t i c a l  ana lys is  of types  
associated wi th systemic disease and upper r e s p i r a t o r y  
ca r r iage  r e s p e c t i v e l y .  Because too few nasopharyngeal  
s t ra in s  were a v a i l a b l e  from o lder  people,  the serotype  
d i s t r i b u t i o n  was assessed in only two age groups -  f i r s t  
ch i ldren under 5 years of age and, second, o lder  
ch i ld ren  and ad u l t s .  In pre-school  ch i ld ren  serotypes 14 
and 18 were i so la ted  s i g n i f i c a n t l y  more of ten  from 
systemic disease than from the upper r e s p i r a t o r y  t r a c t  
p < 0 . 0 0 1 ) .  In o lder  p a t i e n t s ,  however,  the serotypes  
s i g n i f i c a n t l y  associated wi th systemic disease were 
types 1 , 4 , 7 , 8  and 12 (p < 0 . 0 5 ) .  Type 23 in pre-school  
ch i ld ren  and type 6 in o lder  p a t i e n ts  was s i g n i f i c a n t l y  
associated wi th upper r e s p i r a t o r y  t r a c t  ca r r i ag e  (p 
< 0 . 0 5 ) .  No s i g n i f i c a n t  d i f f e r e n c e  was found in the  
f requency of i s o l a t i o n  other  types from systemic disease  
compared to upper r e s p i r a t o r y  c a r r i a g e .
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T a b le  60 :
The association of p a r t ic u la r  serotypes of Streptococcus 
pneumoniae with systemic disease and upper respiratory  
carriage
Upper
r e s p i r a t o r y  Systemic
car r iag e  disease
no s i g n i f i c a n t
p va lue*  <0.5 d i f f e r e n c e  <0.05 <0.001
< 5 years 23 3 , 6 , 9 , 1 9 , 2 2  14,18
>5 years 6 3 ,9  ,1 1 ,14 ,17 4 ,7  ,8  ,12 1
18 ,1 9 ,2 2 , 2 3
*  2
determined using X in two by two contingency t a b le s
incorpora t ing  Yates Correct ion f o r  Con t inu i ty
( S i e g a l , 1956 ) .
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CHAPTER 4 
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Acute r e s p i r a t o r y  t r a c t  in fe c t io n s  in the United  
Kingdom are responsible  anual l y  f o r  3 .3  m i l l i o n  recorded 
spe l l s  of sickness (about 36% of the t o t a l ) ,  over h a l f  a 
m i l l i o n  admissions to hosp i ta l  and an est imated one 
m i l l i o n  episodes of  pneumonia (Kennedy, 1985) .  Of 
i n fe c t io u s  d iseases ,  90% of deaths in the developed 
world are due to acute r e s p i r a t o r y  in fe c t io n s  and in 
cont ras t  to o ther  in fe c t io u s  diseases ,  the m o r t a l i t y  
ra te  has not improved in 20 years (Table 6 1 ) .  Cockburn
(1979)  concluded th e r e fo re  th a t  the g r ea te s t  decrease in 
death ra te  had been in diseases f o r  which p r e v e n t a t i v e  
measures had been a v a i l a b l e  and had been adequately  
appl ied : the decrease was less marked in diseases where 
r e l i a n c e  has been on t r ea tment .
Nowadays most p a t ie n ts  wi th acute r e s p i r a t o r y  disease  
in hosp i ta l  show signs of lower r e s p i r a t o r y  t r a c t  
i n f e c t i o n .  Lower r e s p i r a t o r y  t r a c t  i n f e c t i o n  includes a 
wide range of c l i n i c o - p a t h o l o g i c a l  condi t ions which 
over lap .
Recent studies showed, in h o s p i t a l s ,  t h a t  20-47% of  
chest in fe c t io n s  wi thout  pneumonia and 68-89% of cases 
of lobar  pneumonia were due to  pneumococcal i n f e c t i o n  
( E l - R e f a i e  and Dulake,  1975; Dulake,  1979) .  These 
f i g u r e s  were based on the r e s u l t s  of ant igen t e s t s ,  
ra th e r  than on cu l t u re  r e s u l t s  of sputum. Kennedy (1985)  
reviewed the r e s u l t s  of th ree  recent  s tudies  of  
community-acquired pneumonia in the United Kingdom. He 
showed t h a t ,  in Glasgow and B r i s t o l ,  approximately  10%
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of pa t i e n ts  had pneumococcal pneumonia but in 50% and
40% of p a t i e n ts  r e s p e c t iv e ly  no causal organism could be 
demonstrated.  However, in a study ca r r i ed  out in 
Nottingham (Macfar lane e t  a l . , 1982) t e s t s  f o r
pneumococcal ant igen were ca r r i ed  out on p a t i e n t s '
sputum and showed t h a t  76% had pneumococcal pneumonia : 
only 3% of cases were undiagnosed b a c t e r i o l o g i c a l l y . 
This suggests t h a t  pneumococci are s t i l l  the major  
cause of pneumonia. C le a r ly  the high d iagn os t ic  ra te  
(97%) in the Nottingham ser ies  was due to the use of  
ant igen te s t s  f o r  pneumococci in sputum.
The case f a t a l i t y  ra te  in pneumococcal pneumonia 
ranges from 10 to 2 0 %, but is higher  in p a t ie n t s  wi th  
bacteraemia ( Aust r i an and Gold, 1964; Calder ,  McHardy 
and Schone l l ,  1970) .  Furthermore many p a t ie n t s  d ie  in 
sp i te  of a n t i b i o t i c  therapy .  About 60% of f a t a l  cases of  
pneumococcal bacteraemia d ie  in the f i r s t  f i v e  days 
a f t e r  onset (Aust r ian  and Gold,  1964) .  The way in which 
the pneumococcus damages the host i t  invades is not  
c l e a r l y  understood but appears not to be reversed by 
a n t i b i o t i c  therapy ( A u s t r i a n ,  1981) .  Moreover,  Aus t r i an  
and Gold (1964)  found t h a t  the m o r t a l i t y  r a t e ,  in b a c t e r ­
aemia over the f i r s t  f i v e  days,  had not changed since  
before the advent of serotherapy in 1934 ( F i g .  XXXI ) .
A n t i b i o t i c s  such as p e n i c i l l i n  have had a dramat ic  
e f f e c t  on the course and outcome of pneumococcal  
pneumonia, but a n t i b i o t i c  usage has a l t e r e d  convent ional  
b a c t e r i o l o g i c a l  f in d in gs  ( Spencer and P h i lp ,  1973) and
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Figure XXXI:
E f f e c t  of therapy on % su rv iva l  in pneumococcal 
bacteraemia.
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N u m b ers  in  parentheses ind icate  size o f each group o f patients. D ata  fo r untreated  
and sc ru m -trea ted  patients (capsular Types I  and I I  on ly) from  T ilg lu n a n  and F in la n d  (1).
Reproduced from Austrian & Gold (1964)
Table 61_:
Causes of  death (per  100,000 per annum) in 14
*
developed count r i es  (WHO s t a t i s t i c s  ).
Causes of death 1955-9 1974-5
A l l  causes 947.72 911.35
in fe c t io u s  diseases 26.28 7.42
re s p i r a t o r y  diseases 63.73 71.07
*
reproduced and adapted from Cockburn(19 79 ) .
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thereby created d i agn os t ic  problems th a t  were not in 
ex istence before t h e i r  use (Shulman, P h i l l i p s  and 
P et e rs do r f ,  1965) .
C le a r ly  Streptococcus pneumoniae remains a major  
cause of r e s p i r a t o r y  i n f e c t i o n  in hosp i ta l  p a t i e n ts  and 
since c l i n i c a l  p resen ta t ion  and pathology is d iverse  
requi res  prec ise  l abora to ry  d iagnosis .
Serotyping
Cha ra c t e r is a t io n  of pneumococcal an t is e r a
In the studies reported here,  c o - a g g l u t i n a t i o n  was 
shown to be more s e n s i t i v e  than the capsular  r ea c t io n  
t e s t ,  but showed a h'igh concordance wi th t h a t  t e s t  
(Smart ,  1986 ; Smart and Henrichsen,  1986) .  Most of  the  
cross - reac t ions  observed here have been p r ev ious ly  
noted in the capsular  reac t ion  t e s t  (Morch, 1943) .  
However t h i s  study found,  by c o - a g g l u t i n a t i o n ,  ant igen  
sharing between pneumococcal types which had not  
prev iously  been reported.  D i f f e rences  between co­
a g g lu t in a t io n  and the capsular  reac t ion  t e s t  may r e f l e c t  
increased s e n s i t i v i t y  of the co -a g g lu t i n a t i o n  t e s t  or  
d i f f e r e n c e s  in the an t ig en i c  s t ru c t u re  of the s t r a i n s  
used f o r  ant iserum product ion .
Absorption wi th the C-mutant s t r a i n  reduced the range 
of c ro ss - reac t ions  observed wi th an t is e ra  to types 17A, 
22F and 22A. Thus the reac t ion  observed between 22F 
antiserum with type 36 and 22A antiserum wi th type 17F 
was c l e a r l y  due to ant ibody to pneumococcal C- 
po lysacchar ide .  Absorpt ion of other  sera wi th the C-
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mutant s t r a i n  had l i t t l e  or no e f f e c t  on ant ibody t i t r e s  
f o r  o ther  types .  Conversely,  absorpt ion with the  
appropr ia te  homologous type e l im ina ted  a l l  cross­
reac t ions : the c r os s - r ea c t i ng  types t h e r e f o r e  have
ant ig en i c  determinants in common with the types used to  
ra ise  the ant iserum.
Ant isera  f o r  d iagnos t ic  use showed no c r o s s - r e a c t i o n s .  
For example,  an t is e ra  to types 1 ,3 ,4  and 8 were
monospeci f ic whereas type 6 B, 7A, 9N, 10F , 12F , 17F, and
19F an t is e ra  reacted only with a r e l a t ed  type .  However
an t is e ra  f o r  diagnosis of types 1 1 , 1 4 , 1 5 , 1 8 , 2 0 , 2 2  and 23 
were absorbed before use to remove c r os s - r e a c t i n g  
an t ib od ie s .  Since absorpt ion also reduced the t i t r e  of  
t y p e - s p e c i f i c  an t ibody,  the antiserum and absorbing
type were se lected on the basis of these cross­
r ea c t io n s .  For example,  type 22A antiserum was used 
a f t e r  absorpt ion wi th type 31: conversely ant iserum to  
type 22F required absorpt ion wi th types 20 and 31.  
S i m i l a r l y ,  type 18C antiserum was absorbed wi th type 20 
since t h i s  one absorpt ion removed c r o s s - r e a c t i n g
ant ibody f o r  other  t ypes .  Most of  the other  a n t i s e r a  
were used to produce f a c t o r  sera f o r  typing w i t h in  
groups.
Although not every antiserum has been tes ted  in t h i s  
way by c o - a g g l u t i n a t i o n ,  t h i s  study shows t h a t  the r e  is 
considerable over lap in the an t ig en i c  s t r u c tu r e  of
pneumococci of  d i f f e r e n t  types .
Serotyping by c o -a g g lu t i n a t i o n  
The r e s u l t s  of serotyping c l i n i c a l  i s o la t e s  of  
S.pneumoniae by c o - a g g lu t in a t io n  and the capsular  
re ac t ion  t e s t  were in complete agreement.  Furthermore 
serotypes w i t h in  groups were determined using 
co mm er c i a l l y -a va i l a b le  group a n t i s e r a .  This method,  
which used the fa c to rs  remaining in group antiserum  
a f t e r  absorpt ion wi th a type w i t h in  the group,  would 
s u i t  l a b o r a to r i e s  in which f a c t o r  sera were not  
a v a i l a b l e .  Serotyping by co -a g g lu t i n a t i o n  has other  
advantages over both the capsular  reac t ion  t e s t  and 
counterimmumoelectrophoresis (C IE ) .  These include ease 
of the t e s t  (no specia l  equipment is r e q u i r e d ) ,  
economical use of a n t i s e r a ,  and since v ia b le  c u l tu re s  
are not re qu i r e d ,  pneumococcal suspensions can be stored  
f o r  days or even weeks before t e s t i n g .  Russel l  e_t a l . 
(1978)  suggested th a t  c a p i l l a r y  p r e c i p i t a t i o n  had the  
same advantages,  but they did not carry  out typ ing  
wi th in  groups and used 16 hour broth cu l tu res  of  
pneumococci. Co - agg lu t in a t ion  on the other  hand is 
ap p l i ca b l e  to suspensions of pneumococci taken d i r e c t l y  
from the i n i t i a l  c u l t u re  p l a te  or b ro th .  The major  
weakness of CIE f o r  typing pneumococci is the i n a b i l i t y  
to de tec t  capsular  polysacchar ide ant igens of  types  
7F,7A,14 ,33F,33A and 37 which are n e u t r a l l y -c h a r g e d  in 
convent ional  bu f fe rs  (Henrichsen e t  a l . , 1980) .  S o t t i l e  
and Rytel  (1975)  could not type one of 71 s t r a i n s  by 
CIE. Si nee t h i s  s t r a i n  was i so la te d  from hlnnd and wa_s-
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v i r u l e n t  in a mouse i t  may have been one of  these types .
The increased s e n s i t i v i t y  of  c o -a g g lu t i n a t i o n  compared 
to the capsular  re ac t ion  t e s t  may expla in  the  
d i f fe r e n c e s  observed in the an t ig en i c  s t ru c t u re  of  
S.pneumoniae type 7F (Table 11) .  A l t e r n a t i v e l y ,  the  
s t r a i n  of S.pneumoniae type 7F used both in t h i s  study 
and by the Sta te  Serum I n s t i t u t e ,  Copenhagen, f o r  
ant ibody product ion may have d i f f e r e d  from t h a t  
o r i g i n a l l y  descr ibed by Morch (1 943 ) .
Cross -reac t ions
Pneumococcal an t is e ra  also reac t  wi th b a c te r i a  which 
share an ant igen in common wi th pneumococci,  and 
consequent ly se ro lo g ica l  t e s ts  cannot be considered  
t o t a l l y  s p e c i f i c .  In most cases however,  c r os s - re a c t in g  
b a c t e r i a  are morphologica l ly  d i f f e r e n t  from pneumococci 
although s t ra in s  of a lpha -haemolyt ic  s t reptococc i  e . g .  
S .m i t i s  and S.sanguis are more d i f f i c u l t  to recognise .  
The l a t t e r  however are r e a d i l y  d i s t ingu ished  from 
pneumococci by the capsular  reac t ion  t e s t ,  which,  when 
p o s i t i v e ,  demonstrates the loca t ion  of the r e a c t i v e
carbohydrate (Aust r ian et  a l . , 1972) .  Although such
visual  d i s t i n c t i o n  is not possible  in c o - a g g l u t i n a t i o n  
t e s t s ,  co -a g g lu t i n a t i o n  wi th c r o s s - r e a c t i v e  s t rep tococc i  
is less intense than wi th pneumococci,  and cross-  
reac t ions can be recognised by t e s t i n g  b a c t e r i a - f r e e  
supernatants ,  prepared from the o r i g i n a l  suspension,
since the r e a c t i v e  carbohydrate remains c e l l  as soc ia ted .
S o t t i l e  and Rytel  (1975)  i d e n t i f i e d  s t r a in s  of  a lpha -
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haemolyt ic s t reptococc i  which reacted wi th type-  
s p e c i f i c  pneumococcal a n t is e ra  in CIE t e s t s .  Austr i an et  
a l . ( 1972 ) ,  i so la te d  250 s t ra in s  of s t re p to c o c c i ,  from 
sputum and nasopharyngeal se cr e t io ns ,  which reacted wi th  
pneumococcal a n t i s e ra  in the capsular  reac t ion  t e s t .  In 
a l l ,  28 pneumococcal types of ant igen were detected in 
st reptococci  and 82% of these were accounted f o r  by 
types 1 9 , 9 , 4 5 , 1 3 , 3 6 , 4 3  and 21 -  in descending order  of  
f requency.  In the se r ies  presented here,  s t rep tococc i  
which reacted wi th group 19 pneumococcal ant iserum  
comprised 28%. Typing wi th f a c t o r  sera was unsuccessful ,  
but the r e s u l t s  were broadly in accord wi th Austr i an  
(1975b) who found t h a t  s t reptococci  which reacted wi th  
pneumococcus group 19 ant iserum were more c lose ly  
r e l a t ed  to types 19B and 19C than to types 19F or 19A - 
the predominant types in pneumococcal disease (Smart ,  
Dougall  and Girdwood, 1987b).  S i m i l a r l y ,  Morch (1944)  
recognised s t reptococci  which reacted wi th pneumococcus 
group 7 ant iserum.  In the ser ies  presented here typing  
with f a c t o r  sera showed t h a t  they more c lose ly  resembled 
pneumococcus type 7A than type 7F the predominant t y pe ,  
in t h i s  group,  in human in f e c t i o n  (Smart e t  a 1 . ,
1987b).  Macleod (1947)  drew a t t e n t i o n  to the possib le
r e l a t i o n s h i p  between s t rep tococc i  in the nasopharynx 
which cross- reacted wi th pneumococcus type 7 and the  
presence of "natura l  ant ibody" to t h i s  organism in
serum. Austr i an e t  a l . (1972)  noted th a t  s t rep tococc i
c r o s s - r e a c t i v e  wi th some of the more pathogenic types
300
of pneumococci, f o r  example 1 , 2 , 3 , 4 , 5  ,6 ,8  and 14, were 
seldom i f  ever  found.  Some st reptococcal  s t ra in s  
studied by Aust r i an e t  a l . (1972)  reacted wi th ant iserum  
to pneumococcal C-polysacchar ide as wel l  as ty pe -  
s p e c i f i c  pneumococcal a n t is e ra  : t h i s  was found wi th
several  s t r a in s  of S .m i t i s  in t h i s  study,  al though  
t y p e - s p e c i f i c  ant igens could not be demonstrated.  C- 
polysacchar ide may t h e r e f o r e  be the precursor  to more 
complex polysacchar ides in both pneumococci and the  
alpha -haemolyt ic  s t reptococc i  to which pneumococci are 
g e n e t i c a l l y  r e la t e d  ( Yurchak and A us t r i a n ,  1966) .
i  Ente robac te r ia  have also been reported to cross-
react  wi th pneumococcal a n t i s e r a .  A c r o s s - r e a c t i o n  
between E .c o l i  and pneumococcus type 1 was reported by 
Barnes and Wight (1935)  and between E . c o l i  K30,K42,K85 
with pneumococcus an t is e ra  which corresponded to types  
I V , I  and I I  r e s p e c t iv e ly  ( Heidel  berger  et  ^ a l . , 1968) .
Most of  the c r o s s - r e a c t iv e  E .c o l i  in the study reported  
here reacted wi th these pneumococcal a n t is e ra  but some 
s t ra in s  of E . c o l i  and K l e b s i e l 1 a aerogenes reacted wi th  
other  pneumococcal an t is e ra  also . Although a cross­
reac t ion  between K l e b s i e l l a  pneumoniae and pneumococcus 
type 2 is wel l  known (Avery,  Heide lberger  and Gobel ,
1925) i t  was found here t h a t  a t h i r d  of  the cross­
reac t ions observed wi th E . c o l i  s t ra in s  was wi th
pneumococcus type 2 ant iserum and is of i n t e r e s t .  In the  
7 years since typing was re - in t r odu ced  in the west of  
Scot land,  a type 2 pueumococcus has not been i s o la t e d
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from a p a t i e n t ,  al though ant ibody to type 2 pneumococci 
was present  in the serum of  a number of pa t i e n ts  wi th  
pneumonia (unpubl ished o b se r va t i o n ) .  Perhaps
co lon isa t ion  of the g a s t r o - i n t e s t i n a l  t r a c t  by E . c o l i  
which share an ant igen wi th pneumococcus type 2 in a 
propor t ion of  the populat ion has been s u f f i c i e n t  to  
prevent  the development of pneumococcal pneumonia due to  
t h i s  t ype.
Although most of  the c r o s s - r e a c t i v e  ba c te r i a  studied  
here were not c l i n i c a l l y  s i g n i f i c a n t ,  the r e s u l t s  show 
the need f o r  care wi th the i n t e r p r e t a t i o n  of  
pneumococcal- s e ro lo g ic a l  t e s t s  ca r r i ed  out on c l i n i c a l  
m a t e r i a l .  Furthermore the i s o l a t i o n  and study of  
capsular  polysacchar ides from ba c t e r i a  which c r os s - r ea c t  
with pneumococcal an t is e ra  may reveal  useful  
a l t e r n a t i v e s  to pneumococci f o r  the product ion of  
an t ig en i c  m at e r ia l  f o r  immunisat ion.
Sero logica l  i d e n t i f i c a t i o n  of S.pneumoniae
Sero logica l  i d e n t i f i c a t i o n  is a rapid and p rec ise  
method f o r  i d e n t i f y i n g  i s o la t e s  of  S.pneumoniae and 
permits d e f i n i t e  i d e n t i f i c a t i o n  24 hours e a r l i e r  than is 
possible  by curren t  procedures f o r  presumptive  
i d e n t i f i c a t i o n  (such as optochin s u s c e p t i b i l i t y ) .  Indeed 
recent  reports  of o p t o c h i n - r e s i s t a n t  pneumococci  
(Burdash and West, 1982; S o t t i l e  and R y t e l , 1975) and of  
an o p to c h in -s e n s i t i v e  s t r a i n  of S.sanguis (Burdash and 
West, 1982) cast doubt on the r e l i a b i l i t y  of  the  
optochin t e s t .  The s implest  form of  s e r o lo g ic a l
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i d e n t i f i c a t i o n  of  pneumococci is ca r r i ed  out using a 
com m er c i a l l y -a va i 1 able pool of  concentrated r a b b i t  
antiserum which reacts  wi th a l l  83 serotypes of  
S.pneumoniae (Omni serum).  Because Omni serum contains  
ant ibody aga inst  pneumococcal C-polysacchar ide -  the  
c e l l  wal l  ant igen of S.pneumoniae -  in add i t i on  to type-  
s p e c i f i c  pneumococcal an t ib o d ie s ,  i t  is recommended f o r  
use in the capsular  reac t ion  t e s t .  In c o n t r a s t ,  t ype -  
s p e c i f i c  an t ibodies  are present  in Omni serum with a 
t i t r e  almost h a l f  t h a t  in the pools from which i t  is  
made (Henrichsen e t  a l . , 1980) .  Consequently,  b a c te r ia
which contain the C-ant igen ( e . g .  non-capsulate  
pneumococci, S . m i t i s  or group C be ta -haemoly t i c  
s t r e p t o co c c i )  w i l l  r eac t  in t e s ts  wi th Omni serum and 
may be in d is t in g u is h a b le  from capsulate pneumococci  
unless the capsular  reac t io n  t e s t  is ca r r i ed  ou t .
These p o t e n t ia l  problems associated wi th the use of  
Omni serum, to ge ther  wi th c ross - rea c t ion s  between other  
ba c t e r i a  and pneumococcal a n t i s e r a ,  may have cont r ibu ted  
to d iscrepancies  in i d e n t i f i c a t i o n  which have been 
reported when Omni serum has been used. For example,  
S o t t i l e  and Rytel  (1975)  found t h a t  31% of a lpha -  
haemolyt ic s t rep tococc i  reacted in CIE tests wi th Omni 
serum although 13% of these did not reac t  wi th ty p e -  
s p e c i f i c  an t i s e ra  : These s t ra in s  may t h e r e f o r e  have 
contained C -an t igen.  Burdash and West (1982)  observed 
two s t ra in s  of a lpha -haemolyt ic  s t reptococci  which 
reacted in the c o -a g g lu t i n a t i o n  t e s t  wi th Omni serum,
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whereas Smith and Washington (1984)  found a s t r a i n  of  
S . s a l i v a r i u s  which reacted wi th l a t ex  p a r t i c l e s  
sens i t i se d  wi th Omni serum. Wicher et  a l . ( 1982) used 
d i r e c t  immunofluorescence ( I F )  and Omni serum and found 
t h a t  23 % of be ta -haemolyt i c  and 7% of a lpha -haemolyt i c  
st reptococci  f luo re sc ed .  However, they noted t h a t  the  
i n t e n s i t y  of f luorescence was weaker than wi th  
S.pneumoniae as was found here.  Recent ly ,  Holmberg e t  
a l . ( 1985 ) have confirmed these observat ions and found
th a t  Omni serum in CIE,  IF and l a te x  a g g l u t i n a t i o n  t e s t s  
ca r r ied  out on a lpha -haemolyt ic  s t rep tococc i  were 
p o s i t i v e  in 51%, 46% and 21% r e s p e c t i v e l y .  These r e s u l t s  
show t h a t  Omni serum, when used in t e s ts  other  than the  
capsular  reac t ion t e s t ,  cannot be r e l i e d  upon to  
d i s t i n g u i s h  pneumococci from other  r e s p i r a t o r y  a lpha -  
haemolyt ic s t re p to c o c c i .  In a d d i t i o n ,  Henrichsen e t  a l .
(1980)  have shown th a t  Omni serum forms a p r e c i p i t a t e  
in CIE wi th th iog lyc o f /a t e -  conta in ing media.  This  
f in d i n g  may i n v a l i d a t e  at tempts to i d e n t i f y  
pneumococci in blood cu l t u re  broth .
Contrary to a l l  these f i n d i n g s ,  the c o - a g g l u t i n a t i o n  
t e s t  used here -  which did not use Omni serum -  proved 
r e l i a b l e  f o r  the presumptive i d e n t i f i c a t i o n  of  
pneumococci.  Non-capsulate pneumococci gave negat ive  or  
equivocal  reac t ions but reacted s t rongly  in the  
co -a g g lu t i n a t i o n  t e s t  wi th ant iserum to pneumococcal C- 
polysacchar ide (Smart ,  Dougall  and Girdwood, 1987a ) .  
Cross - reac t ive  a lpha -haemolyt ic  s t reptococc i  were e a s i l y
304
d is t in gu ished  from pneumococci by t e s t i n g  ba c te r i a  -  f r e e  
supernatants .  However, there  is l i t t l e  doubt th a t  the  
c u l t u r a l  condi t ions employed in t h i s  study s i m p l i f i e d  
the d i f f e r e n t i a t i o n  of pneumococci and a lpha -haemolyt i c  
s t re p to c o c c i .
Detect ion  of  pneumococcal capsular  polysacchar ide
Most of the c l i n i c a l  studies in t h i s  th es i s  depended 
on the r e s u l t s  of pneumococcal ant igen te s t s  c a r r i e d  out  
on c l i n i c a l  m a t e r i a l .  I t  was th e r e f o r e  e s s e n t ia l  to  
assess c r i t i c a l l y  d i f f e r e n t  methods f o r  d e te c t i n g  
pneumococcal ant igen wi th p a r t i c u l a r  re fe rence  to  
s e n s i t i v i t y  and s p e c i f i c i t y  when ca r r i ed  out on a 
v a r i e t y  of c l i n i c a l  m a t e r i a l .  On the basis of  the
r e l a t i v e  amounts of pneumococcal ant igen present  in
d i f f e r e n t  specimens, the most appropr ia te  methods of  
ant igen de tec t ion  were then chosen f o r  use in c l i n i c a l  
s tud ies .
S e n s i t i v i t y  of  ant igen te s ts  using p u r i f i e d  p r epara t ions
Five d i f f e r e n t  ant igen de tec t ion  methods, which 
employed p o ly v a le n t ,  pools and t y p e - s p e c i f i c  
pneumococcal a n t i s e r a ,  were tested  in p a r a l l e l  wi th  
p u r i f i e d  pneumococcal polysacchar ides .
CIE tes ts
Types 7F ,14 and 33F, were not d e t ec tab le  by CIE -  an
observat ion reported by other  workers (Kenny e t
a l . ,1972;  K a l in ,  Lindberg and Olausson,  1982) .  However,  
Coonrod and Rytel  (1973)  detected type 14 capsular
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polysacchar ide using CIE -  but only wi th t y p e - s p e c i f i c  
ant iserum.  The d i f f i c u l t y  wi th types 7F and 14 r e s u l t  
from the neu t ra l  charge of  the polysacchar ide and 
makes de tec t ion  dependent on the b u f f e r  used (Anhal t  
and Yu, 1975; Szu and Oravec,  1982) .
In t h i s  study,  Omni serum was as s e n s i t i v e  in CIE as 
antiserum pools or t y p e - s p e c i f i c  an t i s e ra  and supports  
the work of Coonrod and Rytel  ( 1973) and Kal in e t  a l .
( 1 98 2 ) .  However these workers 1 observed a g r e a te r  i n t e n s i t y  of  
p r e c i p i t a t i o n  wi th type an t i s e ra  than wi th Omni serum.  
On the other  hand, Kenny e t  a l . (1972)  found t h a t  type  
an t is e ra  were ten t imes more s e n s i t i v e  than Omni serum 
in CIE t e s t s .  Previous reports  of  the s e n s i t i v i t y  of  
CIE, in t e s t s  wi th p u r i f i e d  pneumococcal capsular  
polysacchar ides ,  showed th a t  the s e n s i t i v i t y  of  CIE was 
between 25 and 1,000 ng/ml but wi th considerab le  
v a r i a t i o n  in the amount of  pneumococcal ant igens  
detected by d i f f e r e n t  workers ( Kenny et  a l . , 1972;
Coonrod and R y te l ,  1973; Coonrod and Drennan, 1976;  
Coonrod and Rylco-Bauer ,  1976; Leinonen,  1980; Burdash 
and West, 1982; Kal in e t  a l . , 1982) .  This may have been 
due to d i f f e r e n c e s  in CIE technique or to v a r i a t i o n  in 
the potency of p u r i f i e d  pneumococcal capsular  
polysacchar ide from d i f f e r e n t  sources.  The minimum 
amounts of  capsular  polysacchar ides detected in t h i s  
study by CIE wi th t y p e - s p e c i f i c  a n t i s e r a ,  agreed 
broadly wi th o ther  s tudies (Kenny e£ a l . 1972; Coonrod 
and R y t e l ,  1973; Coonrod and Drennan, 1976; Leinonen,
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1980) .  However in t h i s  study,  CIE wi th Omni serum was 
less s e n s i t i v e  than t h a t  reported by others (Burdash and 
West, 1982; Coonrod and Rylco-Bauer ,  1976; Kal in e t  
a l . , 1982) .  The data reported by Kal in e t  a l . ( 1982) were. 
p a r t i c u l a r l y  impressive.  In CIE te s ts  wi th Omni serum, 
they detected concentrat ions  of pneumococcal capsular  
polysacchar ides which were r a r e l y  detected in CIE te s t s  
with ty p e - s p e c f ic  an t i s e ra  or Omni serum reported by the  
workers c i ted  above. This may r e s u l t  from contaminat ion  
with pneumococcal C-polysacchar ide which accounts f o r  
15% of  the t o t a l  polysacchar ide content  of  pneumococcal 
vaccine (Sorensen and Henrichsen,  1984) .  I t  is t h e r e f o r e  
l i k e l y  th a t  the p r e c i p i t a t i o n  reac t ions which Kal in  e t  
a l . ( 1982) observed wi th Omni serum and in d i v i d u a l  
pneumococcal polysacchar ides ( which are incorporated in 
the po lyva len t  vaccine)  may, in some cases, have been 
due to a nonspec i f ic  reac t io n  of a n t i -  C-polysacchar ide  
antibody in Omni serum wi th the C -polysacchar ide  
component in the capsular  polysacchar ide p r e p a r a t io n .  
Co-a gg lu t ina t ion  t e s t s -  K r o n v a l I , T r o l l f o r s
Co- agg lu t in a t ion  by the method of T r o l l f o r s  e£ a l .
(1983)  was 2 to 10 t imes more s e n s i t i v e  than by the  
Kronval l  technique using the same kind of  ant iserum.  
However the concentrat ions of  ant igen detected by Omni 
serum in the T r o l l f o r s  c o -a g g lu t i n a t i o n  t e s t  were 
s i m i l a r  to re s u l t s  obtained by CIE (except  f o r  types  
7F ,14 and 33F as discussed above) .  Tests wi th pool and 
t y p e - s p e c i f i c  an t is e ra  were more s e n s i t i v e  by T r o l l f o r s
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method.
Mayer e t  a l . (1983)  found the Phadebact co­
a g g l u t i n a t i o n  t e s t  which used Omni serum more s e n s i t i v e  
than te s ts  wi th pool and t y p e - s p e c i f i c  c o - a g g lu t in a t io n  
reagents prepared in t h e i r  l a b o r a to ry .  But i t  should be 
noted t h a t  the Phadebact reagent  was prepared by the
T r o l l f o r s  method whereas t h e i r  pool and typing reagents  
were produced by the Kronval l  method and t h i s ’ 
i n v a l i d a t e s  d i r e c t  comparisons.
The study reported here was the f i r s t  to assess the  
s e n s i t i v i t y  of  the T r o l l f o r s  co -a g g lu t i n a t i o n  t e s t  wi th  
pools and t y p e - s p e c i f i c  a n t is e ra  al though the
s e n s i t i v i t y  of t h i s  technique using Omni serum has 
been reported by others (Burdash and West, 1982; Mayer 
et  a l . , 1983; Kal in e t  a l . , 1982) .  Some polysacchar ides  
var ied considerably in the minimum amounts d e te c ta b le  
by d i f f e r e n t  workers.  In the present  study,  the  
T r o l l f o r s  co -a g g lu t i n a t i o n  t e s t  with Omni serum was less  
s e n s i t i v e  than reported by other  workers ( Burdash and 
West, 1982; Mayer e t  a l . , 1983, Kal in e t  a l . , 1982) .  
Batch- to-batch v a r i a t i o n  of Omni serum, d i f f e r e n c e s  in 
the potency or p u r i t y  of  pneumococcal capsular  
polysacchar ides from d i f f e r e n t  sources or lack of  
un i fo rm i ty  amongst operators in d i s t in g u i s h in g  between 
a p o s i t i v e  and negat ive re ac t ion  may have cont r ibu ted  to  
the r e l a t i v e l y  low s e n s i t i v i t y  of  Omni serum found here  
and also may expla in  the wide v a r i a t i o n  in the minimal  
amounts of c e r t a in  polysacchar ides detected in the
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other  s t ud ies .
Latex a g g lu t in a t io n  t e s ts
Latex a g g lu t in a t io n  was s l i g h t l y  more s e n s i t i v e  
than the T r o l l f o r s  co -a g g lu t i n a t i o n  t e s t ;  p o s i t i v e
reac t ions developed r a p id ly  and were ea s i e r  to read.  In 
t e s ts  wi th Omni serum, l a t ex  a g g lu t i n a t i o n  was ge ne ra l l y  
somewhat more s e n s i t i v e  than CIE,  (a l though wi th a few 
types CIE was more s e n s i t i v e ) .  These r e s u l t s  agree,  in 
ge nera l ,  wi th those reported by others (Coonrod and 
Rylco-Bauer ,  1976, Leinonen,  1980) ,  al though the r e s u l t s  
in t e s t s  wi th c e r t a in  types v a r i e d .  In con t r as t  to  
W hi t t l e  e t  a l . ( 1 9 7 4 ) ,  who found th a t  l a t e x  p a r t i c l e s ,  
sens i t i se d  wi th Omni serum had a g ranula r  appearance  
which made i n t e r p r e t a t i o n  d i f f i c u l t ,  the method used 
here to s e n s i t i s e  l a t ex  p a r t i c l e s  gave a smooth
suspension and c le a r  end-points  of ant igen t i t r a t i o n s .  
Latex a g g lu t i n a t i o n  te s t s  wi th pool or t y p e - s p e c i f i c  
a n t is e ra  were more s e n s i t i v e  than te s t s  wi th Omni serum 
and t h i s  agrees wi th the f i n d i n gs  of  Leinonen (1 98 0 ) .  
ELISA te s t s
In the studies presented here,  ELISA wi th ant iserum  
pools and t y p e - s p e c i f i c  an t is e ra  was the most s e n s i t i v e  
method f o r  the de tec t ion  of p u r i f i e d  capsular
polysacchar ide an t igen .  Most ant igens were detected at  
concentrat ions between 1 and 10 ng/ml - a s e n s i t i v i t y  
th a t  compares favourably  wi th radioimmunoassay ( R I A ) .  
Leinonen (1980)  f o r  example,  found t h a t  the d e te c t i o n  
l i m i t  f o r  types 3 ,6 ,1 9  and 23 in RIA wi th t y p e - s p e c i f i c
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an t i s e r a  was between 5 and 10 ng/ml .
Nolan and Ulmer (1980)  developed a d i r e c t  ELISA 
which detected p u r i f i e d  type 3 capsular  polysacchar ide  
in concentrat ions as low as 0 .15  ng/ml .  In co n t r a s t ,  
Drow and Manning (1980)  wi th an i n d i r e c t  sandwich ELISA 
found th a t  the minimal concentrat ion de te c t ab le  of type  
3 capsular  polysacchar ide was from 1 to 3 ng/ml .  In the  
d i r e c t  ELISA method, the same t y p e - s p e c i f i c  ant ibody  
used to capture the ant igen was also used f o r  de tec t ion  
a f t e r  conjugat ion wi th enzyme. However, in the  
i n d i r e c t  assay,  the an t i s e ra  f o r  ant igen de tec t io n  and 
capture were prepared in d i f f e r e n t  animals -  the 
presence of ant igen-bound de tec t ing  ant ibody being 
demonstrated by ad d i t ion  of the appropr ia te  enzyme- 
conjugated a n t i - s p e c ie s  ant ibody.  A number of  
pneumococcal a n t i s e r a ,  prepared in animals other  than  
r a b b i t s ,  w i l l  be required before the c l i n i c a l  va lue of  
the i n d i r e c t  ELISA can be assessed. In c o n t r a s t ,  the  
method of De Jong (1983)  f o r  the p rep ar a t io n  of  
antibody-enzyme conjugates was adapted f o r  r a b b i t  
pneumococcal an t i s e ra  in the studies reported here.  
Thus the co mm er c i a l l y -a va i l a b le  r a b b i t  pneumococcal 
a n t is e ra  were used to capture and de tec t  pneumococcal  
ant igen wi thout  the need to prepare conjugates as 
descr ibed by Nolan and Ulmer (1 98 0 ) .  Furthermore,
pooled pneumococcal an t i s e ra  were as e f f e c t i v e  as ty p e -  
s p e c i f i c  a n t is e r a  in the ELISA t e s t s .  >
Harding et  a l . (1979)  conjugated Omni serum wi th enzyme
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and detected 1 to 3 ng/ml of pneumococcal polysacchar ide  
in samples prepared from pneumococcal vaccine al though  
d i f f e r e n t  batches of  Omni serum var ied in t h e i r  a b i l i t y  
to coat ELISA p l a t e s .  The method used in the study 
reported here d i f f e r e d  from t h a t  used by Harding e t  
a l . (1979)  but t e s t s  which used Omni serum as the  
"capture" ant ibody were not successfu l .  A l t e r n a t i v e l y ,  
when t y p e - s p e c i f i c  or ant iserum pools were used as the  
"capture" ant ibody and Omni serum as the "de tec t ing"  
ant ibody,  the s e n s i t i v i t y  of  the assay was low ( > 50
ng/ml ) .  The reason f o r  t h i s  is not c l e a r ,  but when the  
r a t i o  of enzyme to ant ibody was increased th er e  was a 
s l i g h t  improvement in s e n s i t i v i t y  at  the expense of
s p e c i f i c i t y .  Since Omni serum is a concentrated  
prepara t ion  of the IgG f r a c t i o n  of d i f f e r e n t  r a b b i t  
pneumococcal an t is e ra  and contains 83 d i f f e r e n t  ant ibody  
s p e c i f i c i t i e s ,  i t  is possible  t h a t  the ant ibody-enzyme  
complexes i n t e r f e r e d  wi th the f i x a t i o n  of each o t her  to  
ant igen bound on the ELISA p l a t e .  Leinonen (1980 )  has 
proposed the same mechanism to expla in  the d i f f e r e n c e  
observed in the s e n s i t i v i t y  of  l a t e x  p a r t i c l e s
sensi t ised with Omni serum compared to l a t e x  p a r t i c l e s  
sens i t i sed  wi th pool or t y p e - s p e c i f i c  a n t i s e r a .  There 
was no d i f f e r e n c e  in the s e n s i t i v i t y  of  CIE f o r
the de tec t ion  of pneumococcal ant igen in t e s t s  wi th  
Omni serum compared to pool or t y p e - s p e c i f i c  a n t i s e r a .  
Thus, in CIE,  d i f f e r e n c e s  in ant ibody m o b i l i t y  
( H o l l i d a y ,  1981) reduced in t e r f e r e n c e  wi th the
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format ion of  p r e c i p i t i n  bands. The po lyva len t  ant iserum 
which reacted wi th the serotypes in the 23 va len t  
pneumococcal vaccine was no b e t t e r  than Omni serum or  
antiserum pools in CIE t e s t s .  However, the minimum 
amounts of some pneumococcal ant igens detected by i t  in 
the Kronval l  and T r o l l f o r s  co -a g g lu t i n a t i o n  and la t e x  
a g g lu t in a t io n  t e s t s ,  were lower than t h a t  detected by 
Omni serum. Since the po lyv a len t  serum did not reac t  in 
the ELISA wi th pneumococcal ant igens at  a concent ra t ion  
of less than 50 ng/ml the fa c to rs  a f f e c t i n g  i t s  
performance may have been the same as those which 
i n h i b i t e d  the re ac t ion  of Omni serum in ELISA t e s t s .  
Ant isera  f o r  pneumococcal ant igen de tec t ion
In four  of f i v e  methods studied here,  in which the  
same pneumococcal an t i s e ra  were tested  in p a r a l l e l  wi th  
d i f f e r e n t  pneumococcal capsular  po lysacchar ides ,  
ant iserum pools and t y p e - s p e c i f i c  an t i s e ra  were more 
s e n s i t i v e  than the po lyva len t  serum or Omni serum.  
Although not apparent wi th CIE,  the l a t t e r  method was 
i n s e n s i t i v e  and types 7F,14 and 33F were not de tec ted .
The Kronval l  co -a g g lu t i n a t i o n  t e s t ,  which was used 
p r i m a r i l y  f o r  serotyping was the l ea s t  s e n s i t i v e  method 
f o r  the de tec t ion  of pneumococcal ant igen when Omni 
serum was used, whereas in t e s ts  wi th pools and ty p e -  
s p e c i f i c  an t i s e ra  i t  was as s e n s i t i v e  as CIE.  Since the  
i n f e c t in g  type of pneumococcus was known in cases 
studied ( because i t  had been cu l tu red or serotyped in 
c l i n i c a l  m a t e r i a l ) ,  the problem with s e r o lo g ic a l
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de tec t ion  using po lyv a len t  an t i s e ra  was i r r e l e v a n t .  I t  
was concluded th e r e f o r e  th a t  f o r  c l i n i c a l  studies in 
which s e n s i t i v i t y  of ant igen de tec t ion  was of primary  
importance ( e . g .  serum and ur i n e )  specimens were
tested by the T r o l l f o r s '  c o -a g g lu t i n a t i o n  and la t e x  
a g g lu t i n a t i o n  te s t s  wi th pools and t y p e - s p e c i f i c  
a n t i s e r a ,  and, i f  ne ga t ive ,  f u r t h e r  tes ted  by ELISA.  
These conclusions were supported by p r e l im in ar y  c l i n i c a l  
s tud ies .
S p e c i f i c i t y  of  ant igen t e s ts  on c l i n i c a l  m a te r i a l
Nonspeci f ic  reac t ions can be a problem in te s t s  f o r  
pneumococcal ant igen ca r r i ed  out on c l i n i c a l  m at e r i a l  
and they f a l l  in to  two broad ca tegor ies :
1. B ac te r ia l  ant igens which c r os s - re a c t  wi th pneumococcal  
an t is e ra
2.  Extraneous p rote ins  which reac t  wi th the m a te r ia l  
(such as staphylococcal  p ro te in  A, l a t ex  p a r t i c l e s  or  
p l a s t i c  ELISA p l a t e s )  which carry  the pneumococcal  
ant iserum.  Nonspeci f ic  a g g lu t i n a t i o n  of staphylococcal  
pr o t e in  A by c l i n i c a l  ma te r ia l  is p a r t i c u l a r l y  common 
(Thi rumoorthi  and D a ja n i ,  1979; Edwards and Coonrod,  
1980; Mayer e t  a l . , 1983) .  S i m i l a r l y  nonspec i f i c  
a g g lu t in a t io n  of l a t e x  p a r t i c l e s  by rheumatoid fa c t o r s  
and other  nonspec i f ic  f a c to r s  have been noted ( Coonrod 
and Rylco-Bauer ,  1976; C e r o s a l e t t i  e t  a l . , 1985) .  
Doskeland and Berdal (1980)  found th a t  u r i n e ,  serum and 
CSF sometimes contained substances which gave r i s e  to  
nonspec i f i c  reac t ions in ELISA techniques.  B o i l i ng
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(3 minutes at  100 C ) has been shown to  be the most 
e f f e c t i v e  way of e l i m i n a t i n g  these nonspec i f ic  f a c to r s  
(Mayer e t  a l . , 1983; Smith e t  a l . , 1984) and heat ing
also caused the l i b e r a t i o n  of ant igen complexed wi th  
ant ibody which increases the s e n s i t i v i t y  of  ant igen  
t e s t s  (Doskeland and Berda l ,  1980) .  In c o n t r a s t ,  
nonspec i f ic  reac t ions  are rare in CIE t e s t s  and are  
e a s i l y  recognised ( T i l t o n  e t  a l . , 1984) .
Tests f o r  ant igen in c l i n i c a l  mate r ia l  
1 . Serum
Pre l im inary  studies  ca r r i ed  out on the serum of  
p a t ie n ts  wi th pneumococcal pneumonia showed th a t  the  
amounts of pneumococcal ant igen present  va r ied over a 
wide range (4ng to 4000 n g /m l ) .  The number of  sera which 
gave p o s i t i v e  reac t ions  in d i f f e r e n t  ant igen d e te c t io n  
methods, using the same pneumococcal ant iserum depended 
on the amount of ant igen in in d i v id u a l  p a t i e n ts  sera .  
Only a t h i r d  of sera were p o s i t i v e  by CIE and the  
Kronval l  c o - a g g lu t in a t io n  t e s t ,  whereas t w o - t h i r d s  were 
p o s i t i v e  by l a t ex  a g g lu t in a t io n  or the T r o l l f o r s  
c o -a g g lu t i n a t i o n  t e s t .  The remainder were p o s i t i v e  only  
in ELISA t e s t s .  This is cons is tent  wi th the f i n d i n g s  
using p u r i f i e d  polysacchar ides since serum o f ten  
contains l i t t l e  ant igen and i t s  de tec t io n  is d i r e c t l y  
r e l a t e d  to the s e n s i t i v i t y  of  the method used.
2 .Cerebrospinal  f l u i d
S.pneumoni ae was i s o l a t ed  from specimens of
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cerebrospina l  f l u i d  which did not contain de te c t ab le
pneumococcal ant igen and t h i s  p a r a l l e l s  repor ts  by o ther  j
workers who used CIE (Fossieck e t  a l . , 1973; W h i t t l e  e t
a l . , 1974) ,  c o -a g g lu t i n a t i o n  (Olcen,  1978; Thirumoorthi
and D a j a n i ,  1979) ,  or l a te x  a g g lu t in a t io n  ( W h i t t l e  et
a l . , 1974) .  The s e n s i t i v i t y  o f  ant igen te s ts  ca r r i ed  out
on cerebrospina l  f l u i d  depends upon the numbers of
ba c t e r ia  present  before a n t i b i o t i c  t rea tment  ( Feldman,
1976; Olcen,  1978) .  Olcen's r e s u l t s  showed t h a t  in the
case of S.pneumoniae the b a c t e r i a l  count did not
c o r r e l a t e  wi th the r e s u l t s  of the Kronval l
co -a g g lu t i n a t i o n  t e s t  or CIE al though these t e s t s  were
usual l y  negat ive  when the CSF b a c t e r i a l  count of
4 5
H. in f luenzae  or N .m en in g i t i d i s  was between 10 to  10 
c f u / m l .  Perhaps t h i s  ind ica tes  t h a t  other  f a c t o r s  ( e . g .  
pneumococcus type or the presence of t y p e - s p e c i f i c  
ant ibody)  l i m i t  the s e n s i t i v i t y  of  ant igen t e s t s  in 
pneumococcal m e n in g i t i s .
The p re l im in ary  studies on CSF reported here were 
c a r r i ed  out before other  more s e n s i t i v e  t e s t s  ( e . g .  
l a tex  a g g l u t i n a t i o n ,  ELISA) f o r  pneumococcal ant igen  
were developed.  Sippel  e t  a l . (1984)  showed t h a t  a 
d i r e c t  ELISA wi th Omni serum was less s e n s i t i v e  than  
the Kronval l  c o -a g g lu t i n a t i o n  t e s t  or CIE f o r  the  
detec t ion  of ant igen in CSF. In view of the poor 
performance of Omni serum in ELISA t e s t s  as p rev ious ly  
descr ibed,  subsequent specimens of  CSF in t h i s  study 
were t e s t e d ,  f i r s t  by Kronval l  c o - a g g l u t i n a t i o n ,  and i f
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nega t i ve ,  they were r e - t e s t e d  in the same way as serum 
using t y p e - s p e c i f i c  an t i s e ra  i f  S.pneumoniae had been 
i s o l a t ed  on c u l t u r e .
3 . Sputum
Detect ion of  pneumococcal ant igen in sputum using CIE 
and Omni serum is w i d e l y ,  but not u n i v e r s a l l y ,  accepted 
as a va luable  tool  f o r  the diagnosis of pneumococcal  
chest i n f e c t i o n .  Although Verhoef and Jones (1 9 7 4 ) ,  
Tugwell  and Greenwood (1 9 7 5 ) ,  E l -R e f a ie  and Dulake 
(1975)  and Spencer and Savage (1976)  argued in i t s
favou r ,  Edwards and Coonrod (1980)  and Kal in  e t  
a l . ( 1982) found th a t  co -a g g lu t i n a t i o n  was more
s e n s i t i v e  than CIE f o r  de tec t ing  pneumococcal an t igen in 
sputum, p a r t i c u l a r l y  in pa t i e n ts  who had rece ived
a n t i b i o t i c  t r ea tm e nt .  The p r e l im in ar y  studies descr ibed  
here support the l a t t e r  view and f u r t h e r  in comparisons 
with antiserum pools ,  pneumococcal ant igens were not  
detected in a number of sputa when Omni serum was used 
in CIE,  Kronval l  c o -a g g lu t i n a t i o n  and l a t e x
a g g lu t i n a t i o n  t e s t s .  Moreover,  CIE wi th t y p e - s p e c i f i c
a n t is e ra  was less s e n s i t i v e  than the Kronval l  co­
a g g lu t i n a t i o n  t e s t  wi th the same serum but CIE was more 
s e n s i t i v e  than the c o - a g g lu t in a t io n  t e s t  wi th Omni 
serum. Thus CIE in g e ne ra l ,  was less s e n s i t i v e  than
other  t e s ts  and t h i s  was only in pa r t  accounted f o r  by 
the occurrence of ant igen types ( 7F ,14 ,37  and 33F)
which did not reac t  by t h i s  method.
In the studies reported here ,  a number of  sputa ,
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which did not contain t y p e - s p e c i f i c  pneumococcal ant igen  
reacted in t e s t s  wi th Omni serum. More than h a l f  of  the  
reac t ions detected in CIE wi th Omni serum on sputa sent  
to another  l abora to ry  and which were subsequently  
tes ted  here were due to pneumococcal C-polysacchar ide  
ant igen .  However, the other  sputa which reacted in 
CIE wi th Omni serum were not confi rmed by 
c o -a g g lu t i n a t i o n  wi th t y p e - s p e c i f i c  an t is e ra  al though  
previous studies had shown the l a t t e r  to  be more 
s e n s i t i v e  and t h i s  accords wi th the observat ions by 
Kal in e t  a l . ( 1982K
Nonspecfic.  reac t ions  were a major problem when sputa 
were examined wi th a commmercial l a t ex  suspension 
(Wel lcogen) .  However, these were mostly non-purulent  
sputa wi th oropharyngeal  contaminat ion and al though  
they did not reac t  wi th the control  l a te x  suspension 
suppl ied by the manufacturer ,  f u r t h e r  t e s ts  wi th a 
v a r i e t y  of pneumococcal l a t e x  suspensions confi rmed t h a t  
the reac t ions were no nspec i f i c .  In cont ras t  to CIE and 
l a te x  a g g l u t i n a t i o n ,  no n- s pe c i f i c  reac t ions  were r a r e l y  
found in the less s e n s i t i v e  Kronval l  c o - a g g l u t i n a t i o n  
t e s t  and only occas iona l ly  wi th ant iserum pools .  
Nonspeci f ic  reac t ions  with pooled an t i s e ra  in CIE t e s t s  
have been prev ious ly  reported ( P e r l i n o  and Shulman,  
1976) .
C le a r l y  heat s tab le  fa c to r s  in sputum, perhaps r e l a t e d  
to commensal f l o r a  ( a propor t ion of which possess 
ant igens which reac t  wi th pneumococcal a n t i s e r a )  or  to
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sputum mucopolysaccharide,  were a major problem in 
t e s ts  fo r  pneumococcal ant igen in sputum. Although 
nonspec i f ic  reac t ions were common to a l l  methods in t h i s  
study,  they were p a r t i c u l a r l y  troublesome in l a te x  
a g g lu t i n a t i o n  te s ts  and t h i s  may r e f l e c t  the increased  
s e n s i t i v i t y  of  t h i s  t e s t  or the presence of substances 
in sputa which i n t e r a c t  wi th l a te x  p a r t i c l e s  sens i t i se d  
with pneumococcal a n t i s e r a .
Because of the d i f f e r e n c e s  in s e n s i t i v i t y  and 
s p e c i f i c i t y  of t e s t s  f o r  pneumococcal ant igen in sputum 
which were found here,  p r e l i m i n ar y  studies were 
extended to evaluate  each ant igen de tec t ion  method f o r  
the l aboratory  diagnosis of pneumococcal chest  
i n f e c t i o n .  Of the four  methods used, the Kronval l  
co -a g g lu t i n a t i o n  t e s t  wi th t y p e - s p e c i f i c  a n t i s e r a  
co r re la ted  best wi th the r e s u l t s  of cu l tu re  and Gram's 
s ta in  in in fec ted  p a t i e n t s .  In a d d i t i o n ,  most of  the  
sputa which were p o s i t i v e  in co -a g g lu t i n a t i o n  t e s t s  wi th  
t y p e - s p e c i f i c  an t i s e ra  were also p o s i t i v e  by other  
methods and t h i s  cont ras ts  wi th the f i n d i n gs  of  Whitby, !  
Kris t insson and Brown (1985)  who found poor concordance 
between the r es u l t s  of d i f f e r e n t  ant igen t e s t s  ( i . e .  
l a t ex  a g g l u t i n a t i o n ,  c o -a g g lu t i n a t i o n  and CIE) which 
used Omni serum. In t h i s  study,  de tec t ion  of t y p e -  
s p e c i f i c  pneumococcal ant igen by the Kronval l  co­
a g g lu t i n a t i o n  t e s t  was the most e f f i c i e n t  method f o r  the  
l aborato ry  diagnosis of pneumococcal chest i n f e c t i o n .  
Furthermore,  al though de tec t ion  of t y p e - s p e c i f i c
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ant igen was more s e n s i t i v e  than c u l t u r e ,  the presence of
7
ant igen co r r e la te d  wi th the i s o l a t i o n  of more than 10 
cfu/ml  S.pneumoniae, which is regarded by other  workers 
(Dixon and M i l l e r ,  1965; Wilson and M a r t i n ,  1972;
B a r t l e t t  and Finegold ,  1978) as the lower l i m i t  of 
q u a n t i t a t i v e  sputum cu l t u re  which d i s t i n gu is he s  between 
i n fected and non- in fec ted  p a t i e n t s .
Pre l iminary  studies on p a t h o l o g i c a l l y  confi rmed 
i n f e c t i o n  (post-mortem lung t i s sue  and p l eur a l  f l u i d )  
showed t h a t  the Kronval l  c o -a g g lu t i n a t i o n  t e s t  was a 
b e t t e r  in d i c a t o r  than c u l t u re  and t h i s  agrees wi th the  
f in d ings  of o ther  workers ( E l - R e f a ie  e t  a l . , 1976;  
Lampe, Chot t ipi tayasunondh and Sunakorn, 1976) .
Requirements f o r  opt ima1 ant igen de tec t ion  in c l i n i c a l  
mater ia l
Although the Kronval l  c o -a g g lu t i n a t i o n  t e s t  was less  
s e n s i t i v e  than other  methods f o r  the de te c t io n  of  
p u r i f i e d  pneumococcal capsular  polysacchar ide and 
pneumococcal ant igen in serum, i t  was r e l i a b l e ,  easy to  
carry  out ,  detected a l l  types of pneumococci and was 
s u i t a b le  f o r  d e t a i l e d  serotyping wi th f a c t o r  se ra .  
Therefore in cont ras t  to serum and u r in e ,  the presence  
of pneumococcal ant igen in m a t e r i a l ,  from which 
S. pneumoniae could be cu l tu red  d i r e c t l y  (sputum, p l e u r a l  
f l u i d ,  post-mortem lung t i s su e  and cerebrospina l  f l u i d ) ,  
depended on the r e s u l t s  of the Kronval l  c o - a g g l u t i n a t i o n  
t e s t .  In most cases these specimens were tes ted f o r  
ant igen before the serotype of the i n f e c t i n g
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pneumococcus was known and as a r e s u l t  they were tes ted  
with nine reagents (pools A to I ) ,  which when taken 
toge t her  covered a l l  83 pneumococcal ant igen types .
The r e s u l t s  of  s e n s i t i v i t y  and s p e c i f i c i t y  were used 
to decide the way in which d i f f e r e n t  t e s t s  were deployed 
to i n v e s t i g a te  c l i n i c a l  ma te r ia l  and were as fo l lo ws ;
1. Serum, u r ine and cerebrospina l  f l u i d
Antigen concentrat ions var ied over a wide range and 
d e p r o t e i n i z a t i o n  by heat e l i m ina ted  f a l s e  p o s i t i v e  and 
negat ive r e a c t i o n s .  Therefore ant igen t e s t s  wi th high 
s e n s i t i v i t y  were used.
2.  Sputum and other  r e s p i r a t o r y  specimens
Antigen concentrat ions were high,  but d e p r o t e i n i z a t i o n  
with heat f a i l e d  to e l i m in a t e  a l l  nonspec i f ic  f a c t o r s  
which reac t  wi th pneumococcal a n t i s e r a .  Therefore  
ant igen t e s t s  wi th high s p e c i f i c i t y  and lower  
s e n s i t i v i t y  were used and are summarised in Table 62 .
Microscopic and B a c t e r i o l o g i c a l  analys is  of  sputum
This study confirmed the r e l a t i o n s h i p  between the  
presence of pneumococcal an t igen ,  d ip lococc i  in Gram's 
stained smears and l arge number of S.pneumoniae in 
cu l tu res  of sputum from p a t i e n ts  wi th pneumococcal chest  
i n f e c t i o n .  However the value of these te s t s  in c l i n i c a l  
diagnosis depends l a r g e ly  on the q u a l i t y  of  the sputum 
obtained and they requ i re  prec ise  e v a lu a t io n .
Macroscopic appearance of sputum did not c o r r e l a t e  wi th  
the c e l l u l a r  composit ion determined m i c r o s c o p ic a l l y .
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T a b l e  62 :
C l a s s i f i c a t i o n  of ant igen t e s ts  and r e s u l t a n t  
a p p l i c a t io n  to  pneumococcal ant igen de tec t io n  in 
c l i n i c a l  m a te r ia l .
*
Test S e n s i t i v i t y  S p e c i f i c i t y  App l ica t ion
CIE +
CO-AGGLUTINATION 
1. Kronval l  +
2 . T r o l l f o r s
LATEX
ELISA
++
+++
++++
++
++++
+++
++
1imited  
screen ing 
t e s t .
r e s p i r a t o r y
m ate r ia l
serum, u r ine  & 
CSF
serum, u r ine  & 
CSF.
conf i  rmatory  
t e s t
App l ica t io n  based on performance c h a r a c t e r i s t i c s  of  
the t e s t  in terms of economics, speed, r e l i a b i l t y  and 
the leve l  of  s u b j e c t i v i t y  in reading the t e s t  r e s u l t s .
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For example,  the number of purulen t  sputa were 
overest imated on the basis of macroscopical  appearance 
jand t h i s  conf i rms the f i n d in g s  of  M i l l e r  ( 1 9 6 3 ) ,  whereas many! 
sputa which were moderately or heav i l y  contaminated with  
oropharyngeal  m a t e r i a l ,  were not recognised by t h e i r  
Igjross appearance and t h i s  agrees wi th the f i n d in g s  of  o t heH  
workers ( Chodosh, 1970; B a r t l e t t ,  1974; Murray and 
Washington, 1975) .  Examination of Gram's sta ined smears 
was a b e t t e r  i n d i c a t o r  than macroscopical  inspect ion in 
the assessment of sputum q u a l i t y .  However, cont rary to  
the f in d in gs  of Murray and Washington (1 9 7 5 ) ,  pus 
c e l l s ,  broncho-pulmonary c e l l s  and squamous e p i t h e l i a l  
c e l l s  were of ten i n c o r r e c t l y  i d e n t i f i e d  in Gram's 
stained smears. As a r e s u l t ,  a number of sputa which did  
not contain pus c e l l s  were described as puru len t  or 
mucopurulent whereas others were in c o r r e c t l y  descr ibed  
as predominatly s a l i v a .
In t h i s  study,  presumptive i d e n t i f i c a t i o n  of  
pneumococci by Gram's s ta in  was confirmed by c u l t u r e  
when sputa contained pus c e l l s  (def ined by c r y s t a l  
v i o l e t  microscopy) and the c r i t e r i a  def ined by Rein e t  
a l . ( 1978) were used. This paral  l e l s  the exper ience of  
other  workers ( Heineman et  a l . , 1977; Drew, 1977) .  
However t h i s  was not the case when r e s p i r a t o r y  m a t e r ia l  
did not contain pus c e l l s  and subs tan t ia te s  claims t h a t  
without  microscopy,  c u l t u re  r e s u l t s  are of unknown 
re levance ( Heineman et  a l . , 1977) .  Fur ther  support  f o r  
the importance of microscopic eva lu a t i on  of sputum was
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provided by the observat ion t h a t ,  a f t e r  d i l u t i o n ,  
5 . pneumoniae was i so la te d  more of ten from puru lent  than 
from non-purulent  r e s p i r a t o r y  specimens and ind ica tes  
th a t  growth of S.pneumoniae from undi lu ted cu l tu res  of  
non-purulent  m ate r ia l  probably resu l ted  from 
contaminat ion by pneumococci from the nasopharynx (Dixon 
and M i l l e r ,  1965) .
Determinat ion of  pneumococcal an t ibodies  by i n d i r e c t
immunofluorescence assay
Current  methods f o r  pneumococcal ant ibody  
dete rmina t ion include radioimmunoassay (R IA ) ,  enzyme-  
l inked immunosorbent assay (ELISA) and i n d i r e c t  
haemagglut inat ion ( IHA ) .  However, s p e c i a l l y  prepared  
pneumococcal capsular  polysacchar ides are r eq u i r e d ,  so 
th a t  f o r  p r a c t i c a l  purposes , the range of pneumococcal  
antibody types which can be studied by these methods is  
l im i t e d  to types contained in the pneumococcal vaccines .  
Furthermore,  Schiffman et  a l . (1980)  found t h a t  RIA was 
unsui tab le  f o r  de tec t ion  of ant ibody to types 5 and 11.  
These methods ( i . e .  RIA, ELISA and IHA),  g e n e r a l l y  
requ i re  p repara t ion of ant igen f o r  use in the assays 
immediately before use and are th e r e f o r e  more s u i t a b l e  
f o r  t e s t in g  a l arge number of sera against  a small  
number of types .  In c o n t r a s t ,  i n d i r e c t  immuno­
f luorescence assay ( IFA)  has seldom been used to d e t e c t  
pneumococcal an t ibodies  al though i t  is t e c h n i c a l l y  
simpler  to carry out and uses reagents which are
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a v a i l a b l e  in most d iagn os t ic  bac te r io logy  l a b o r a t o r i e s .  
Moreover,  there  is no l i m i t  to the range of  
pneumococcal ant ibody types which can be studied and IFA 
is s u i t a b l e  f o r  t e s t i n g  in d iv id ua l  sera aga inst  a wide 
range of pneumococcal ant igens s imul taneously .
Because the i n t e r p r e t a t i o n  of  i n d i r e c t  immunofluores-  
cent reac t ions depends on v isua l  inspect ion of  changes 
at  the surface of  whole pneumococcal c e l l s ,  ( t he  ac tua l  
s i t e  of  ant ibody de po s i t io n )  i n t e r f e r e n c e  due to fa c t o r s  
which cause no n -s p e c i f i c  reac t ions  in t e s t s  wi th  
p u r i f i e d  pneumococcal polysacchar ides are not encountered.
i . ..  ........................ . • ......................................      ;_____________________   _  _____ , * ■
In t h i s  study ant ibody to pneumococcal C-
polysacchar ide in human sera was removed by absorpt ion
which made the IFA s p e c i f i c  f o r  ant ibody to pneumococcal
capsular  po lysacchar ide.  He ide lberger  and Anderson
(1944)  considered t h a t  p r e l i m i n ar y  absorpt ion to remove
C-polysacchar ide ant ibody was es s e n t i a l  f o r  r e l i a b l e
antibody de te rm ina t io n .  However absorpt ion may not be
es s e n t i a l  f o r  ant ibody studies which use RIA, since the
pneumococcal c e l l  wal l  polysacchar ide does not
14
incorpora te  s i g n i f i c a n t  amounts of C from glucose in to  
i t s  s t r u c t u re  (Schif fman e t  a l . , 1980) .  In co n t ra s t  
Pedersen e t  a l . (1982)  concluded t h a t  absorpt ion of C- 
polysacchar ide ant ibody was necessary f o r  ELISA t e s t s  
f o r  ant ibody d e t e c t io n .  Because pneumococcal ant ibody  
determinat ions by IFA, ELISA and IHA (S loyer  e t  a 1. , 
1974 ; Berntsson e t  a l . , 1978 ; Amman and P e lger ,  1972)  
were ca r r i ed  out wi thout  p r e l i m i n ar y  absorpt ion of
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pneumococcal a n t i - C -p o l y sa c ch ar id e  ant ibody,  d i r e c t  
comparisons wi th the r e s u l t s  presented here would not  
be v a l i d .
In t h i s  study the re s u l t s  of ant ibody te s t s  by IFA 
f o r  types other  than 1 and 12F co r re la te d  wi th the  
r es u l ts  of RIA. Although the IFA was less s e n s i t i v e  than 
RIA i t  was est imated th a t  the minimum amounts of  
pneumococcal ant ibody n i t rogen detected by IFA, f o r  the  
m aj or i ty  of types s tud ied ,  was below 300 ng Ab N/ml-  a 
l eve l  c u r r e n t ly  considered to be the lower l i m i t  of  
t y p e - s p e c i f i c  ant ibody in serum a f fo r d in g  p r o t e c t io n  
against  bacteraemic pneumococcal disease ( Robbins e t  
a 1 . , 1983) .  However fo r  types 1 and 12F, IFA was less  
s e n s i t i v e  even when d i f f e r e n t  s t ra in s  of these types  
were used to prepare the whole c e l l  ant igens .  In 
comparisons wi th RIA, the s e n s i t i v i t y  of  the IFA var ied  
considerably wi th the pneumococcal type and t h i s  may 
r e s u l t  from d i f f e r e n t  amounts of capsular  po lysacchar ide  
on in d iv id ua l  types or r e l a t e  to the class of human 
ant ibody.
C l i n i c a l  studies
The p a t ie n ts  included in the c l i n i c a l  s tudies  were 
selected on the basis th a t  the c l i n i c a l  diagnosis was 
unequivocal .  The study was designed to r e l a t e  aspects  
of the disease process wi th the m ic r o b i o lo g ic a l  
determinants such as the d i s t r i b u t i o n  of a n t i g e n ,  
r es u l ts  of pneumococcal c u l t u re  and ant ibody
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development.  Epidemiologica l  parameters were not  
d i r e c t l y  studied and the cases described may not  
r e f l e c t  the pa t te rns  of pneumococcal disease in 
hosp i ta ls  or the community. For example,  a considerable  
number of p a t i e n ts  wi th unequivocal  pneumococcal disease  
were excluded because labora to ry  in ve s t i g a t i o n s  were 
incomplete.  Pa t ients  in fec ted  wi th the higher  and in 
general  r a r e r  pneumococcal types were also excluded.
The ro le  of  sputum examinat ion in the l abora to ry  
diagnosis of  pneumococcal chest in f e c t i o n
Before the in t ro du c t i on  of  ant igen te s ts  in the mid 
1970s, b a c t e r i o l o g i c a l  diagnosis of  pneumococcal chest  
i n f e c t i o n  was u n s a t i s f a c t o r y .  I t  is now g e n e r a l l y  
accepted t h a t  the presence or absence of pneumococci in 
sputum cu l tu res  does not c o r r e l a t e  wel l  wi th lung 
i n f e c t i o n .  There are two main reasons f o r  t h i s .  F i r s t ,  
pneumococci in expectorated sputa may r e f l e c t  upper  
r e s p i r a t o r y  t r a c t  c o lo n i s a t i o n ,  local  b r o n c h i t i s  or  
d e f i n i t e  pulmonary i n f e c t i o n .  Second, f a i l u r e  t o  i s o l a t e  
pneumococci from sputum in cases of bacteraemic  
pneumococcal pneumonia ( B a r re t t - C o n n o r , 1971) and from
pa t ie n ts  t r e a te d  wi th a n t i b o t i c s  (Spencer and P h i l p ,  
1973) does not in d i ca te  t h a t  pneumococci are not  
involved in lower r e s p i r a t o r y  t r a c t  i n f e c t i o n .  I t  has 
th e r e fo re  been suggested t h a t  wider  use of Gram's 
stained smears (Rein et  ^ a 1 . , 1978) and q u a n t i t a t i v e
cu l tu re  (Wilson and M a r t in ,  1972) would improve the
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s p e c i f i c i t y  of  sputum cu l tu re  and th a t  ant igen te s t s  
would increase the s e n s i t i v i t y  of  sputum examinat ion f o r  
the l abora to ry  diagnosis of pneumococcal chest i n f e c t i o n  
( E l - R e f a i e  and Dulake,  1975) .
B a c te r io lo g ic a l  examinat ion
Pre l im inary  studies reported here showed th a t  the  
Gram's stained smear was as s e n s i t i v e ,  but was more 
s p e c i f i c  than c u l t u re  of sputum f o r  the l abora to ry  
diagnosis of pneumococcal chest i n f e c t i o n .  Moreover,  i t  
was found th a t  the Gram's s ta in  al lowed d i s t i n c t i o n  
between in fec ted  and non- in fec ted  pa t i e n ts  in whom 
sputum cu l tu res  were po s i t ve .  However, in the c l i n i c a l  
studies t h a t  fo l lo w e d ,  Gram's s ta ins  of sputum were,  in 
gene ra l ,  unhelpfu l  in pa t i e n ts  wi th pneumococcal 
pneumonia. However, i t  should be noted t h a t  d i f f e r e n t  
c r i t e r i a  were used to se le c t  pa t i e n t s  in the two s tudies  
and t h i s  may co nt r i b u t e  to the inconsistency of  the  
r e s u l t s .  Thus pa t ie n ts  in the p re l im in ar y  s tudies  were 
chosen on the basis t h a t ,  in them, more than one 
l abora to ry  t e s t  ca r r i ed  out on the sputum was p o s i t i v e  
regardless of the c l i n i c a l  p i c t u r e .  The study i t s e l f  
th e r e f o r e  included both c l i n i c a l l y  in fec ted  and non­
in fected pa t ie n ts  of whom pa t ie n ts  wi th pneumonia 
accounted f o r  only a small  p rop or t io n .  In the subsequent  
c l i n i c a l  studies reported here a l l  the p a t i e n ts  were 
c l i n i c a l l y  in fec ted  and were grouped on the basis of  
the c l i n i c a l  d iagnos is .  A pneumococcal a e t i o l og y  was 
es tab l i shed by the r es u l t s  of a range of l a b o r a t o ry
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t e s ts  on a v a r i e t y  of c l i n i c a l  m a t e r i a l .  Several  
studies have demonstrated good c o r r e l a t i o n  between 
the r es u l ts  of Gram's sta ined smears and sputum c u l t u r e  
(Drew, 1977) p a r t i c u l a r l y  when i n t e r p r e t a t i o n  of the  
smear was supported by the capsular  re ac t ion  t e s t  
( M e r r i l l  e t  a l . , 1973 ; P e r l i n o ,  1984) or when s t r i c t
c r i t e r i a ,  which re la t e d  to predominance, were used to  
def ine  a p o s i t i v e  Gram's s ta in  smear (Rein e t  a l . , 1978) .  
These c r i t e r i a  were also d is c r im in a t o r y  in the studies  
reported here ,  but only when pneumococci were i s o la t e d  
from the sputum. In c o n t r a s t ,  Gram's stained smears were 
of no value when car r i ed ,  out on non-purulent  sputa from 
pat ie n ts  with pneumococcal pneumonia, a r e s u l t  t h a t  
broadly agrees wi th the f in d in gs  of Boerner and Zwadyk
(1982 ) .  These authors inves t iga te d  pa t i e n ts  wi th  
community-acquired pneumonia and found t h a t  Gram's 
sta ins  of sputum suggested pneumococcal i n f e c t i o n  in 
more than h a l f .  Furthermore,  they found t h a t  these  
pa t ie n ts  responded qu ick ly  to p e n i c i l l i n  in co n t r as t  to  
p a t ie n ts  whose Gram's stained smear showed no 
predominant pathogen. Although these workers were 
unable to determine the cause of the pneumonia in most 
of the other  p a t i e n t s ,  they suggested th a t  a p ropor t ion  
had pneumococcal pneumonia but had spontaneously c leared  
the organism from t h e i r  sputum by the t ime they  
presented at  h o s p i t a l .  A number of the p a t i e n t s  
i nves t iga te d  in t h i s  study wi th bacteraemic pneumococcal  
pneumonia did not have pneumococci in e i t h e r  a Gram's
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s ta in  or c u l t u r e  of sputum a f a c t  t h a t  confirms the  
f in d in gs  of Bar re t t -Connor  (1 971 ) .  Although poor sputum 
q u a l i t y  could exp la in  the lack of  c o r r e l a t i o n  between 
sputum and blood c u l t u r e ,  other  i n v e s t i g a t i o n s  ca r r i ed  
out on the sputa ( i . e .  microscopical  assessment and 
ant igen t e s t s )  suggested th a t  t h i s  was not the case.  The 
most l i k e l y  reason f o r  t h i s  discrepancy was t h a t  blood 
cu l tu re  was ca r r i ed  out at  the t ime the p a t i e n t  was 
admi t ted ,  whereas sputum f o r  c u l t u re  was not obtained  
u n t i l  l a t e r ,  perhaps a f t e r  physiotherapy and a n t i b i o t i c  
t rea tment .
Other r e s p i r a t o r y  specimens from pa t i e n ts  wi th pneumonia 
I t  was found here t h a t  many pa t ie n ts  wi th severe  
pneumococcal pneumonia were unable to produce a specimen 
of sputum e a r ly  in the course of the disease and t h i s  
has been noted by other  workers (Ba r r e t t - C on no r ,  1971;  
Guzzetta et  ^ a l . , 1983; Kal in and Lindberg,  1983) .
Consequently,  l aborato ry  diagnosis in a number of  these  
pa t ie n ts  was made by cu l tu re  of p l eur a l  f l u i d ,  bronchia l  
as p i ra tes  o r ,  r e t r o s p e c t i v e l y ,  using post-mortem lung 
t i s s u e .  In a d d i t i o n ,  pneumococci i s o l a t ed  from a t h r o a t  
swab obtained on admission from two p a t i e n ts  wi th  
pneumonia was taken as proof of  a pneumococcal 
ae t io lo gy  on the basis of K a l i n 's  observat ions (1 9 8 2 ) .  
He iso la ted  pneumococci from the nasopharynx of one 
t h i r d  of pa t i e n ts  wi th bacteraemic pneumococcal  
pneumonia who could not produce a p r e - t re a t m en t  specimen 
of sputum. Moreover,  since i t  has been suggested t h a t
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co lo n is a t io n  of the upper r e s p i r a t o r y  t r a c t  with  
S.pneumoniae is decreased in pa t ie n ts  wi th pneumonia due 
to other  pathogens (Schmid e t  a l . , 1979 ) ,  i t  might be
argued th a t  the presence of pneumococci in the upper 
r e s p i r a t o r y  t r a c t  of  an adul t  p a t i e n t  wi th pneumonia is 
adequate evidence of a pneumococcal a e t io l o g y .
Q u a n t i t a t i v e  cu l tu re
Attempts to d i s t i n g u i s h  pneumococcal i n f e c t i o n  from 
co lon isa t ion  by q u a n t i t a t i v e  cu l tu re  of sputum have not  
proved r e l i a b l e  ( B a r re t t - C o n n o r , 1971; Downes and
E l l n e r ,  1979) and t h i s  was confirmed in p r e l im in ar y  
c l i n i c a l  studies reported here.  Furthermore,  no
c o r r e l a t i o n  was found between the numbers of pneumococci 
present  in sputum cu l tu res  and the c l i n i c a l  d iagnosis  
of pneumococcal chest i n f e c t io n  and supports the  
f i nd ings  of Downes and E l l n e r  (1979)  and K a l i n ,  Lindberg  
and Tuneval l  ( 1 983 ) .  Consequently,  est imates of  the  
r e l a t i v e  numbers of pneumococci i s o l a t ed  from the sputum 
of pa t ie n ts  included in the c l i n i c a l  s tudies were not
ca r r i ed  out and sputum c u l t u re  was used to conf i rm the
de tec t ion  of pneumococci or pneumococcal ant igen in the  
sputum or other  c l i n i c a l  m a t e r i a l .
Detect ion of sputum ant igen in the diagnosis of  
pneumococcal chest i n f e c t io n
Pneumococcal ant igens were detected in most of the
c u l t u r e - p o s i t i v e  sputa conf i rming the f in d in g s  of
Spencer and Savage(1976)  th a t  sputum ant igen does not
d i s t i n g u i s h  between pneumonia and other  .pneumococcal
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chest i n f e c t i o n s .  These r es u l t s  d i f f e r  from those 
reported by other  workers (Leach and Coonrod, 1977;  
Per l ino  and Shulman, 1976; Verhoef and Jones, 1974) ,  who 
f a i l e d  to de tec t  pneumococcal ant igen in a number of  
c u l t u r e - p o s i t i v e  sputa from p a t ie n ts  wi th chronic  
b r o n c h i t i s .  However, the pa t ie n ts  wi th chronic  
br on c h i t i s  who were studied here had c l i n i c a l  signs of a 
chest i n f e c t i o n .  The r e s u l t s  of the present  study do not  
ne cessar i l y  d isag re e ,  t h e r e f o r e ,  wi th the suggest ion of  
these workers t h a t  the demonstrat ion of sputum ant igen  
can d i s t i n g u i s h  between co lo n isa t i on  of  the upper  
airways wi th pneumococci and a chest i n f e c t i o n .  Indeed 
pr e l im in ar y  studies showed t h a t  sputum ant igen was 
useful  f o r  t h i s  purpose.  Pneumococcal ant igens were 
detected in c u l t u r e - n e g a t i v e  sputa and t h i s  i d e n t i f i e d  
a d d i t io n a l  pa t i e n ts  wi th pneumococcal chest i n f e c t i o n  in 
each of the th ree  cl i n i c o - p a t h o l o g i c a l  groups.  Ant igen  
t e s t s  were p a r t i c u l a r l y  important  f o r  the d iagnosis  of  
pneumococcal pneumonia, because in cont ras t  to p a t i e n t s  
in the other  two groups,  a p o s i t i v e  sputum ant igen was 
the only i n d ic a t io n  of pneumococcal i n f e c t i o n  -  an 
observat ion th a t  agrees wi th t h a t  of Kal in and Lindberg
(1 98 3 ) .  Furthermore,  pneumococcal ant igens were o f ten  
found in non-purulent  sputa.
Detect ion of pneumococcal ant igens in p l e u r a l  f l u i d ,  
bronchial  as p i ra tes  and, r e t r o s p e c t i v e l y ,  in pos t ­
mortem lung t i s s u e  of p a t i e n ts  wi th pneumonia was 
f u r t h e r  proof t h a t  S.pneumoniae was the cause of
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pneumonia and t h i s  confirms the f in d ings  of other  
workers ( E l - R e f a i e  e t  a i . , 1976; Coonrod and Wi lson,
1976) .  Detect ion of ant igen in other  r e s p i r a t o r y  
specimens supplemented the re s u l t s  of cu l t u re  or  
ant igen te s t s  ca r r i ed  out on sputum or blood.
In the curren t  study,  pneumococcal ant igen was 
detected in the sputum of most of the pa t ie n t s  in each 
cl i n i c o - p a t h o l o g i c a l  group.  Somewhat s u r p r i s i n g l y  
pneumococcal ant igen was not detected in the sputum of  
th ree  p a t ie n ts  wi th pneumococcal pneumonia - a r e s u l t  
s i m i l a r  to t h a t  reported by Schmid et  ^ a l . , ( 1979 ) .
However, the amount of ant igen in sputum may be 
in f luenced by the p a t i e n t ' s  s t a te  of h y dr a t io n ,  the  
amount of s a l i v a  mixed wi th sputum and the b a c t e r i a l  
counts in the r e s p i r a t o r y  t r a c t  ( M i l l e r  e t  a l . , 1978) .
C le a r ly  these fa c to rs  are more l i k e l y  to c o n t r ib u t e  to  
the poor q u a l i t y  of  sputa obtained from p a t i e n ts  wi th  
severe pneumonia than in other  m i lder  chest i n f e c t i o n s  
where sputum is produced f r e e l y .  Consequently,  Kal in  and 
Lindberg (1983)  found th a t  a second specimen f o r  ant igen  
t e s t i n g  was va luable  when the f i r s t  specimen had been 
obtained e a r l y  in the course of the disease and 
suggested t h a t  the concentrat ion of ant igen in the  
i n i t i a l  specimen was i n s u f f i c i e n t  to be d e te c ta b le  by 
ant igen t e s t s .
Antigen pers is tence
Persistence of pneumococcal ant igen in the sputum of  
pneumonia p a t ie n ts  a f t e r  t rea tment  wi th a n t i b i o t i c s  has
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been widely reported (Tugwell  and Greenwood, 1975; E l -  
Refaie and Dulake,  1975; Pe r l ino  and Shulman, 1976; 
Spencer and Savage, 1976; Leach and Coonrod, 1977;  
Downes and E l l n e r ,  1979; Edwards and Coonrod, 1980) .  
Kal in and Lindberg (1983)  observed t h a t  the mere 
i n i t i a t i o n  of a n t i b i o t i c  therapy ( i . e . <  24 hours ) was 
enough to render the r e s u l t s  of microscopy and c u l t u re  
f o r  pneumococci u n r e l i a b l e  and stressed the importance  
of performing ant igen te s t s  on sputa obtained from 
pa t ie n ts  t r e a te d  wi th a n t i b i o t i c s .  E l - R e f a ie  and Dulake
(1975)  found t h a t  in p a t ie n ts  wi th lobar  pneumonia,  
ant igen remained in the sputum f o r  longer per iods than 
in p a t i e n ts  wi th b r on c h i t i s  and suggested t h a t  t h i s  was 
r e la te d  to the pathology of lung t i s su e  in lobar  
pneumonia. Demonstration of ant igen pers is tence  in 
sputum may t h e r e fo re  have d iagnost ic  p o t e n t i a l  which 
permits l aborato ry  d i f f e r e n t i a t i o n  between pneumonia 
and other  less severe forms of pneumococcal chest  
i n f e c t i o n .  However, i t  has been shown t h a t  pneumococci  
pers isted  in the r e s p i r a t o r y  t r a c t  of p a t i e n ts  wi th  
chronic b r o n c h i t i s ,  despi te  a n t i b i o t i c  t rea tment  (Ca lder  
and Schonel l ,  1971) and nosocomial pneumococcal  
i n fe c t io n s  have been reported in hosp i ta l  p a t i e n t s  
a f t e r  a n t i b i o t i c  t rea tment  (My lo t te  and Beam, 1981) .
To c l a r i f y  the r e la t io n s h ip s  between a p o s i t i v e  
cu l tu re  and ant igen t e s t  wi th respect  to t ime and 
a n t i b i o t i c  t rea tment  pneumococcal cu l tu re  and ant igen  
t e s ts  were ca r r i ed  out on specimens of sputum a f t e r  the
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i n i t i a l  l abora to ry  d iagnosis .  I t  must be st ressed  
however,  t h a t  i t  was not rou t ine  p r a c t i c e  to examine 
s e r i a l  samples from p a t i e n ts  wi th pneumococci in t h e i r  
sputum nor were these requested by l abora to ry  s t a f f .  
C ol l e c t i o n  of repeat  sputa f o r  examinat ion depended on 
the p a t i e n t ' s  ph ys ic ian ,  and t h e r e fo re  var ied from 
p a t i e n t  to p a t i e n t  wi th regard to t ime and t r ea tm e nt .  
Never the less ,  the r e s u l t s f o r  p a t i e n ts  whose sputum was 
sampled i r r e g u l a r l y  were grouped wi th the r e s u l t s  of  
appropr ia te  samples obtained from pa t i e n ts  who were 
tes ted s y s t e m a t i ca l l y  in order  to e s ta b l i s h  t r en d s .  A 
number of pa t i e n ts  included in t h i s  par t  of  the study 
did not have symptoms of  i n f e c t i o n  and did not r e q u i r e  
a n t i b i o t i c  t r ea tm e nt .  I t  was found t h a t  pneumococci or  
pneumococcal ant igen usua l ly  pers isted  in the sputum of  
untreated pa t i e n ts  f o r  two days or more. However,  
5 . pneumoniae, and in some cases pneumococcal ant igen  
a lso ,  was e l im ina ted  spontaneously from the sputum of  a 
few p a t ie n ts  a r e s u l t  t h a t  p a r a l l e l s  the f i n d i n gs  in the  
p a t i e n ts  wi th bacteraemic pneumococcal pneumonia 
discussed above. Factors which prevented the i s o l a t i o n  
or de tec t ion  of pneumococci in subsequent sputa were 
not i d e n t i f i e d  but inadequate specimens or a n t i b i o t i c  
therapy -  unknown to the c l i n i c i a n  -  may have been 
respons ib le .  Despi te these l i m i t a t i o n s  the r e s u l t s  were 
unequivocal  in one p a t i e n t  wi th a type 3 pneumococcal  
i n f e c t i o n  : both pneumococci and pneumococcal ant igen
were e l iminated from her sputum in two days w i thout
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a n t i b i o t i c  t rea tment  and coincided wi th a s i g n i f i c a n t  
r i s e  in homologous serum ant ibody t i t r e .  Furthermore,  
the presence of a wide range of t y p e - s p e c i f i c  
pneumococcal an t ibodies  in the serum of p a t i e n ts  wi th no 
immediate h i s to ry  of pneumococcal i n f e c t i o n  (Ward, 1930;  
Roberston and Cornwel l ,  1930 ; Gwaltney e t  a l . , 1975)
supports the view th a t  i n d iv id u a ls  in the community are
cont inuously exposed and respond to d i f f e r e n t  
pneumococcal types : some of these exposures could have 
resu l ted  in a chest i n f e c t i o n  which might not have been 
t r ea te d  wi th a n t i b i o t i c s .  These r e s u l t s  suggest  
t h e r e f o r e  th a t  some pneumococcal chest in f e c t i o n s  can 
be co nt ro l l ed  by the host ' s  r e s p i r a t o r y  defences.
A f t e r  two days of appropr ia te  a n t i b i o t i c  t r e a tm e n t ,  
pneumococci were ge ner a l l y  not i so la te d  from p a t i e n t s '  
sputum but pneumococcal ant igen of ten pers is ted  and t h i s  
was r e l a t ed  to under ly ing lung pathology.  This  
observat ion agrees wi th t h a t  of  other  workers ( E l -
Refaie and Dulake,  1975) .  In a number of p a t i e n t s  
f a i l u r e  to i s o l a t e  pneumococci from sputum was
p a r a l l e l e d  by a reduct ion in sputum ant igen  
concentrat ion and suggests a close r e l a t i o n s h i p  between 
these two parameters.  However, in other  p a t i e n ts  sputum 
ant igen remained e s s e n t i a l l y  unchanged despi te  e f f e c t i v e  
anti -pneumococcal  therapy and was of ten p a r a l l e l e d  by 
the presence of  higher  concentrat ions of ant igen in 
p l eur a l  f l u i d  or post-mortem lung t i s s u e .  These r e s u l t s
i n fec t ed  lung t i s s u e  or f l u i d  is the source of sputum 
ant igen r a t h er  than the product of v ia b le  pneumococci in 
the p a t i e n t ' s  sputum ( E l - R e f a ie  and Dulake,  1975) .  Thus 
pneumococcal ant igen in sputum may in d i ca te  e i t h e r  an 
i n fec ted  r e s p i r a t o r y  secre t ion or a deep-seated  
pulmonary in f e c t i o n  and these can be d is t ingu ished  by 
t e s t i n g  f u r t h e r  specimens of sputum a f t e r  a n t i b i o t i c  
therapy has c leared the sputum of v i a b le  pneumococci.
S er ia l  sampling of p a t i e n t s '  sputum h i g h l ig h t ed  
several  other  f ea tu re s  which are important  in the  
management of pa t i e n ts  wi th pneumococcal chest  
i n f e c t i o n .  F i r s t l y ,  pneumococci and pneumococcal ant igen  
were detected in the sputum of a few pa t i e n ts  dur ing  
a n t i b i o t i c  t rea tment  and indica ted  th a t  t rea tment  was 
i n e f f e c t i v e .  Secondly,  a number of p a t i e n ts  wi th COAD 
had a recurrence of i n f e c t i o n  sh or t l y  a f t e r  a n t i b i o t i c  
t reatment  as has been shown by others ( Calder  and 
Schonel l ,  1971) .  Serotyping of i s o la t es  showed t h a t  some 
p a t ie n ts  had relapsed wi th the same pneumococcal type  
whereas others had become r e - i n f e c t e d  wi th a d i f f e r e n t  
t ype .  Serotyping was p a r t i c u l a r l y  va luable  when 
pat ien ts  had a recurrence of i n f e c t i o n  a f t e r  only 7 
days when ant igen pers is tence might otherwise have 
suggested a more serious pathology ( i . e .  pneumonia or  
a n t i b i o t i c  f a i l u r e ) .  In any event  most of these p a t i e n t s  
were cu l tu re  and a n t i g e n - p o s i t i v e .
Although i t  was found in the studies  reported here  
th a t  no sputum was produced e a r l y  in the course of
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pneumococcal pneumonia, ant igen te s t s  ca r r i ed  out on 
good q u a l i t y  sputum were extremely va luable  f o r  
l abora to ry  diagnosis of pneumococcal chest i n f e c t i o n s .  
Furthermore the r e s u l t s  of cu l tu re  and ant igen t e s ts  
ca r r i ed  out on a d d i t io n a l  specimens obtained during and 
a f t e r  a n t i b i o t i c  t rea tment  proved useful  in p a t i e n t  
management. There was usual l y  s u f f i c i e n t  ant igen in 
sputum f o r  serotyping and t h i s  provided in format ion  of  
use in other  ways. For example knowledge of the type  
guided the choice of more s e n s i t i v e  ant igen de tec t io n  
techniques f o r  ana lys is  of serum or ur ine  and was 
e s se n t ia l  f o r  ant ibody s t ud ies .  The importance of  these  
parameters in diagnosis and prognosis w i l l  now be 
discussed.
Bacteraemia and Antigenaemia  
Bacteraemia
In the studies reported here,  two groups of  p a t i e n t s  
developed pneumococcal bacteraemia namely, those wi th  
pneumonia ( Group "P") and n o n- r es p i r a t o ry  pneumococcal  
disease ( Group "S") .  Blood cu l tu res  from other  p a t i e n t s  
with pneumococcal chest i n f e c t i o n  ( Groups "A" and "C") 
were s t e r i l e  al though a few p a t ie n ts  in these groups had 
c l i n i c a l  signs of pneumonia. Un for tunate ly  blood 
cu l tu res  were seldom taken from these p a t ie n t s  and 
t h e r e fo re  the p o s s i b i l i t y  cannot be excluded t h a t  at  
l ea s t  some were also bacteraemic.  In c o n t r as t  
pneumococcal bacteraemia was demonstrated in almost h a l f
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of the pa t i e n ts  wi th pneumonia and, in a few,  the  
l abora to ry  diagnosis was made from blood c u l t u re  a lone .  
The incidence of bacteraemic pneumococcal pneumonia 
reported here was higher  than t h a t  found by other  
workers (Macfar lane et  ^ a 1 . , 1982) and was probably the  
r e s u l t  of p a t i e n t  s e l e c t i o n .  I t  has been g e ne r a l l y  
accepted t h a t  bacteraemia is a compl icat ion of  between a 
quar te r  and a t h i r d  of pa t i e n ts  with pneumococcal 
pneumonia ( Austr i an and Gold, 1964) and t h i s  
propor t ion has not changed since before the in t r o d u c t i o n  
of a n t i b i o t i c s  (Cole ,  1902; He f f ron ,  1939 ; Ti lghman and 
F in land,  1937 ) .  In the-se r ep o r t s ,  bacteraemia was 
associated wi th high m o r t a l i t y  in pneumococcal  
pneumonia but in the study reported here,  the number 
of p a t ie n ts  wi th pneumococcal pneumonia who died was no 
d i f f e r e n t  in bacteraemic and non-bacteraemic p a t i e n t s .  
Before the in t ro du c t io n  of ant igen t e s t s ,  blood c u l t u r e  
was pre fe r red  to sputum cu l t u re  to e s t a b l i s h  the  
diagnosis of pneumococcal i n f e c t i o n  in p a t ie n t s  wi th  
pneumonia (Austr ian  and Gold, 1964) .  However ant igen  
t e s ts  were used here and the re s u l t s  agreed wi th  
other  recent  studies (Macfar lane e t  a l . ,1982;  Morgan 
et  a 1 . , 1984) .  These workers showed th a t  the d ia gn os t i c  
value of blood c u l t u re  was l i m i t e d  in p a t i e n ts  wi th  
pneumococcal pneumonia -  f in d i n gs  which p a r a l l e l  the  
exper ience of workers in the p r e - a n t i b i o t i c  era when 
one worker suggested t h a t  " The t e s t  is of g r e a t e r  
prognost ic  than d i agnos t ic  value" ( Cole,  1902) .
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Nevertheless i t  is my view t h a t  blood cu l tu res  should 
be obtained from a l l  pa t i e n ts  wi th c l i n i c a l  signs of  
pneumonia before a n t i b i o t i c  t rea tment  to a l low a more 
d e t a i l e d  study of the fa c to rs  which co nt r ib u te  to the  
development and pathology of bacteraemic pneumococcal 
pneumonia. Un t i l  the r es u l t s  of such studies are known 
our understanding of the pathology of pneumococcal  
disease comes mainly from the study of pneumococcal  
ant igen since t h i s  is not a f fe c te d  by fa c t o r s  which 
co nt r i b u t e  to the f a i l u r e  of c u l t u re  methods ( e . g .  
a n t i b i o t i c  t h e r a p y ) .
Antigenaemia
In the studies  reported here antigenaemia was more 
common than bacteraemia in pa t ie n ts  with pneumococcal  
chest i n f e c t i o n  and t h i s  agrees wi th the observat ions of  
other  workers ( Tugwell and Greenwood, 1975; Dulake,  
1979) .  Moreover,  in cont ras t  to bacteraemia ,  
pneumococcal ant igen was detected in the serum of  
p a t ie n ts  who did not have c l i n i c a l  pneumonia a r e s u l t  
t h a t  agrees wi th the observat ions made by Bartram e t  
a l . ( 197 4 ) .  Also,  i t  was found here t h a t  bacteraemia in 
p a t i e n ts  wi th pneumonia did not ne cessar i l y  c o r r e l a t e  
with the presence of ant igen in the serum as has been 
reported by other  workers ( D or f f  e t  a l . , 1971; Kenny e t  
a 1 . , 1972; Coonrod and R y t e l ,  1973; Kal in and Lindberg,  
1983) .  Conversely , pneumococcal ant igen was detected in 
the serum of pa t i e n ts  wi th non-bacteraemic pneumococcal 
pneumonia. This confirms the f i n d i n gs  of Tugwell  and
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Greenwood (1975)  who pointed out t h a t  f a i l u r e  to i s o l a t e
the organism from blood was not necessar i l y  the r e s u l t
of a n t i b i o t i c  the rapy .  The r e s u l t s  reported here suggest
t h a t  pneumococci and pneumococcal ant igen en te r  the
c i c u l a t i o n  independent ly .  Serum ant igen studies on the
p a t ie n ts  reported here wi th bacteraemic pneumococcal
men ing i t i s  and who had pneumococci and pneumococcal
ant igen in CSF, support t h i s  view.  I t  has been shown by
other  workers ( Ti lghman and F in land ,  1937; F in la nd ,
Spring and Lowel l ,  1940) th a t  pa t i e n ts  wi th bacteraemic
pneumococcal pneumonia have only a few hundred organisms
per ml of blood.  In c o n t r a s t ,  in v i t r o  studies c a r r i e d
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out here showed t h a t  between 10 and 10 cfu/ml  of
v ia b l e  pneumococci were requi red to produce 1 ug/ml of
f r e e  capsular  polysacchar ide in the growth medium -  a 
f i g u r e  s i m i l a r  to t h a t  reported by Coonrod and Drennan 
( 1976 ) .  As a r e s u l t  they ca lcu la ted  t h a t  500
pneumococci/ml would produce no more than 5 ng/ml of
ant igen per day which has been shown here to be the  
minimum amount de tec tab le  by ELISA. Most of the p a t i e n t s  
with pneumococcal ant igenaemia studied here had ant igen  
l eve l s  higher  than t h i s  and in p a t i e n ts  wi th  
accompanying bacteraemia,  ant igenaemia pers is ted  a f t e r  
a n t i b i o t i c  t reatment  had e l im ina ted  pneumococci from the  
c i r c u l a t i o n .  These f in d in gs  i n d ic a te  th a t  ant igen in 
the c i r c u l a t i o n  was der ived from an ex t rava scu1ar  s i t e  
of i n f e c t i o n  such as consol idated lung or CSF and 
supports the conclusion of o ther  workers ( Coonrod and
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Drennan, 1976) .  C le a r l y  both c u l t u r e  and ant igen te s ts  
on acute phase blood of p a t i e n ts  wi th pneumococcal 
i n f e c t i o n  were of l i m i t e d  d iagnos t ic  va lue .  However,  
un l ike  sputum examinat ion,  they were useful  as a 
l aborato ry  index of severe disease in p a t i e n ts  wi th a 
pneumococcal chest i n f e c t i o n  as discussed below.
Outcome in r e l a t i o n  to bacteraemia and ant igenaemia
The present  study confirmed e a r l y  reports  (B lake ,  
1918; Bukantz e t  a l . , 1942) t h a t ,  in p a t i e n t s  wi th
pneumococcal pneumonia, ant igenaemia was associated  
with a s i g n i f i c a n t l y  higher  death ra te  than e i t h e r  
bacteraemia alone or n e i t h e r  bacteraemia nor  
ant igenaemia.  Moreover,  there  was no c o r r e l a t i o n  
between the actual  amount of ant igen in the serum and 
death.  For example two p a t ie n ts  wi th low le v e l s  of  
ant igen ( 4 and 8 ng/ml)  died whereas the p a t i e n t  wi th  
the highest  leve l  found in t h i s  study (10 ug/ml )  
survived -  a r e s u l t  t h a t  p a r a l l e l e d  the f i n d in g s  of  
Spencer and Savage ( 1976) .  Bukantz et  ^ a l . ( 1942)
observed th a t  the incidence of ant igenaemia va r ied  wi th  
pneumococcal t ype.  Typing of pneumococci and 
pneumococcal ant igen in blood was performed here and 
showed t h a t  type 3 was the most commonly detected serum 
ant igen and, in cont ras t  to other  common types ,  was 
not found as a cause of bacteraemia w i thout  
ant igenaemia.  Thus the high m o r t a l i t y  ra te  associated  
with type 3 pneumococcal pneumonia ( Austr i an and Gold,  
1964) is probably r e l a t ed  to i t s  capac i ty  to cause
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ant igenaemia.
Ant igenur ia
In the present  study,  pneumococcal ant igen was 
detected in the ur ine of almost h a l f  of the pa t i e n ts  
with pneumonia (Group "P") ,  a qu ar te r  of pa t i e n ts  with  
no n- re s p i ra to ry  pnemococcal disease but in only a few 
pa t ie n ts  in Group "C" who had c l i n i c a l  signs of  
pneumonia. Ant igen was th e r e f o r e  more l i k e l y  to appear  
in the ur ine  of severely i l l  pa t i e n ts  and in t h i s  
respect  resembled ant igenaemia and bacteraemia as an 
i n d i c a t o r  of  prognosis.  However an t ig en u r ia  did not 
necessar i l y  c o r r e l a t e  wi th ant igenaemia and vice versa - 
an observat ion which agreed wi th the f in d in gs  o f  Kal in  
and Lindberg (1983)  but d i f f e r e d  from t h a t  reported by 
Coonrod and Rytel  ( 1 97 3 ) .  The l a t t e r  detected ant igen in 
the u r ine  of a l l  pa t i e n ts  wi th ant igenaemia.
Many years ago Blake (1918)  reported the value of  
t e s t in g  ur ine  f o r  ant igen in pa t ie n t s  wi th pneumococcal  
pneumonia and his re s u l t s  are summarised below, toge th er  
with the f in d ings  of t h i s  study :
1. A l l  pa t i e n ts  who f a i l e d  to excrete  ant igen in t h e i r  
ur ine recovered and t h i s  agreed wi th the f i n d i n gs  of  
Dochez and Avery (1917 ) .  They were the f i r s t  workers  
to descr ibe an t ig enu r ia  in p a t ie n ts  wi th pneumococcal  
pneumonia and found th a t  only 2 of  88 pa t i e n ts  who did  
not excrete  ant igen in t h e i r  ur ine  d ied.  However, in the  
study reported here there  was no c o r r e l a t i o n  between the  
outcome and the presence or absence of a n t i g e n u r i a .
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2.  Pa t ients  who f a i l e d  to excre te  ant igen in t h e i r  ur ine  
during the acute phase of the disease of ten began to
excrete  small  q u a n t i t i e s  dur ing convalescence: This was
observed in two p a t i e n ts  who were studied here.  
B l a k e ( 1918) suggested t h a t  an t ig en u r ia  in convalescence  
was associated wi th the l i b e r a t i o n  of ant igen from the 
reso lv ing pneumonic l e s io n .
3.  The presence of  p r e c i p i t a t i n g  ant ibody in the blood 
was inverse ly  r e la t e d  to the presence of ant igen in
u r in e .  In the pa t i e n ts  studied here however,  the re  was
no d i f f e r e n c e  in the frequency of ant ibody d e te c t io n  
r e l a t i v e  to the presence or absence of a n t i g e n u r i a .  
Blake (1918)  reasoned th a t  e i t h e r  ant igen and ant ibody  
were not completely bound in ur ine  or t h a t  the kidney  
possessed the a b i l i t y  to separate the two and a l low  
ant igen to be excreted whi le  r e t a i n i n g  ant ibody w i t h in  
the kidney t i s s u e s .  Coonrod (1974)  found t h a t  ant igen  
in ur ine  was p a r t i a l l y  degraded - an observat ion which 
p a r t l y  supports B lake 's  hypothesis .  However he also  
r e fe r r e d  to animal s tudies ( Howard et_ a l . , 1970 ) which 
showed t h a t  complexing of ant ibody wi th p e r s i s t i n g  
polysacchar ide may e v en t ua l l y  cause degradat ion and 
disappearance of the po lysacchar ide.  Therefore  
an t ig enu r ia  may in d i ca te  an ac t i v e  host immune response 
in pneumococcal d isease .  I f  complexing is a major  
f e a t u r e  of r es o l u t i on  of the disease then r e g u l a r  
t e s t i n g  of ur ine  f o r  ant igen would be important  in 
p a t i e n t  management.
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Tests to de tec t  a n t i g en u r i a  in acute phase ur ine  
were ca r r i ed  out here but proved to be of l im i t e d  
d iagnost ic  va lue ,  al though ant igen was detected in the  
ur ine of a few pa t i e n ts  wi th pneumonia who did not have 
e i t h e r  bacteraemia or ant igenaemia.  Moreover de tec t ion  
of an t ig en u r ia  was of l i m i t e d  prognost ic value - in 
cont ras t  to Blake 's  f in d in gs  (1 91 8 ) .  However i t  should 
be noted t h a t  n e i t h e r  the labora to ry  t e s ts  nor p a t i e n t  
t rea tment  used in the present  study were comparable to  
those of Blake.  For example, Blake (1918)  used the  
p r e c i p i t a t i o n  reac t ion  to de tec t  ant igen and ant ibody  
whereas the equ i va len t  t e s t s  ca r r i ed  out here were 
considerably  more s e n s i t i v e .  Furthermore i t  is not  
c e r t a in  th a t  Blake (1918)  detected t y p e - s p e c i f i c  
ant ibody since his work was ca r r i ed  out before the  
discovery of other  f a c to rs  which also p r e c i p i t a t e  
pneumococcal ant igen(  e . g .  C - r e a c t i v e  p r o t e i n ,  a n t i - C  
polysacchar ide an t ib ody ) .  F i n a l l y  , Blake 's  study was 
ca r r i ed  out before the in t ro du c t io n  of s p e c i f i c  
an t im ic r o b ia l  agents or serum therapy and he t h e r e f o r e  
observed the f u l l  e f f e c t  of the host ' s  immune response.  
In the present  study a l l  p a t i e n ts  were,  of course,  
t r e a te d  wi th a n t i b i o t i c s .
I t  is recognised t h a t  a n t i b i o t i c  therapy has markedly  
reduced the number of deaths in p a t i e n ts  wi th pneumonia 
(Aust r ian  and Gold, 1964) .  Par t  of the reason of t h i s  
success may be t h a t  a n t i b i o t i c  therapy prevents the  
development of bacteraemia,  ant igenaemia or an t i g e n u r ia
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in most p a t i e n t s .
Pathologica l  aspects of systemic pneumococcal in f e c t i o n  
In the study reported here no at tempt was made to  
study other  pa tho log ica l  f ea tu re s  in pa t i e n ts  wi th  
systemic pneumococcal d isease.  However, c e r t a in  aspects 
of the disease in some pa t ie n t s  warrant  f u r t h e r  
cons ide ra t io n .
Other workers have observed a high incidence of  
j aund ice ,  d iar rhoea  and p e r s is te n t  pyrex ia  in pa t i e n ts  
with systemic ant igen (Tugwell  and Greenwood, 1975) .  In 
a d d i t i o n ,  Coonrod and Rytel  (1973)  noted th a t  p a t i e n ts  
with pneumococcal ant igen in t h e i r  serum or u r ine  had a 
higher  incidence of p le ura l  e f fu s io n  than those w i thout  
demonstrable an t igen .  P leura l  f l u i d  from a few p a t i e n ts  
with pneumococcal pneumonia were examined in t h i s  study 
al though other  p a t ie n ts  may have had an e f f us io n  which 
was not tapped or examined b a c t e r i o l o g i c a l l y .  I t  was 
found here t h a t  6 of  8 (75%) of p a t i e n ts  wi th a p l e u r a l  
e f fus ion  had ant igenaemia or a n t i g e n u r ia .  Of the two 
remaining who did not have systemic an t igen ,  one showed 
a high leve l  of t y p e - s p e c i f i c  ant ibody in her serum 
whereas the other  p a t i e n t  had n e i t h e r  serum ant igen nor  
ant ibody and the ur ine  was not t e s t e d .
No s a t i s f a c t o r y  explanat ion  f o r  the development of  
p leur a l  e f fus ions  in p a t ie n ts  wi th pneumococcal 
pneumonia has been o f fe red  ( Coonrod and R y t e l ,  1973) ,  
but i t  has been suggested th a t  immune complexes are  
involved when e f fus ions  develop in pa t i e n ts  wi th a wide
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range of lung diseases (Andrews e t  a l .  ,1981) ,
Other notable fe a t u re s  in a few severely i l l  p a t i e n ts  
studied here were leucopenia on admission,  fo l lowed by 
the development of a l e u c o c y t o s is , thrombocytopenia and 
disseminated in t r a v a s c u l a r  coagulat ion (D IC ) .  Each of a 
number of p a t i e n t s ,  in fec ted  wi th d i f f e r e n t  pneumococcal  
types showed these haematoiogical  a b no rm a l i t i e s .  
Leucopenia in bacteraemic pneumococcal pneumonia has 
been shown to be associated wi th increased m o r t a l i t y  
(Austr ian and Gold, 1964) .  Studies of pneumococcal  
i n f e c t i o n  in ra bb i ts  showed t h a t  neutropenia was induced 
by pneumococcal c e l l  wal l  components r a t h e r  than
capsular  polysacchar ide (Goldblum, Reed and Barton,  
1981) .  They suggested t h a t  a c t i v a t i o n  of complement 
released products which f a c i l i t a t e d  neut roph i l  margin-  
at ion and caused a reduct ion of c i r u l a t i n g  n e u t r o p h i l s .  
Thrombocytopenia has been described in p a t i e n ts  wi th  
pneumococcal pneumonia ( Reimann, 1924) ,  a l though the  
mechanism which causes i t  is s t i l l  not c l e a r l y
understood.  However, i t  has been shown t h a t  pneumococci  
induce p l a t e l e t  aggregat ion and cause re lease  of
serotonin in v i t r o  ( Zimmerman and Spiege lberg ,  1975) .  
These workers also found t h a t  immunoglobulins present  
in most human sera reacted with pneumococci to produce 
ant igen-ant ibody complexes which then in te r ac t ed  wi th  
p l a t e l e t s  to cause aggregat ion.
C lo t t in g  abnorma l i t i es  in p a t i e n ts  wi th lobar  pneumonia 
were f i r s t  reported by Dochez (1912 b ) .  Recent ly ,
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pneumococcal sept icaemia accompanied wi th D1C has been 
reported and p a t ie n ts  wi th asplenia  were found to be
p a r t i c u l a r l y  l i k e l y  to develop t h i s  ( Bisno and Freeman, 
1970) .  Fulminant pneumococcal disease with DIC has been
observed by other  workers ( Rytel  e t  a l . , 1974; Coonrod
and Leach, 1976 ) .  Rytel  et  a l . ( 1974) reported th a t  the
lev e ls  of pneumococcal ant igen in the serum of pa t i e n ts
with DIC were higher  than th a t  found in other  p a t i e n ts
with ant igenaemia but wi thout  DIC. They suggested
t h e r e f o r e ,  t h a t  pneumococcal capsular  polysacchar ide
ant igens i n i t i a t e  DIC e i t h e r  d i r e c t l y  or as pa r t  of an
ant igen -  ant ibody complex by a c t i v a t i o n  of complement.
In c o n t r a s t ,  Coonrod and Leach (1976)  did not f in d  a
c o r r e l a t i o n  between DIC and the l eve l  of c i r c u l a t i n g
ant igen but demonstrated in pa t ie n ts  with DIC the
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presence of a massive bacteraemia ( more than 10
organisms /ml of blood) or C-substance in serum. Since^  
pneumococci were r a r e l y  seen in blood f i l m s  and C- 
substance was not present  in the a n t i g e n - p o s i t i v e  serum 
of other  pa t i e n t s  wi th bacteraemic pneumococcal  
pneumonia, (Coonrod and R y te l ,  1973) Coonrod and Leach
(1976)  concluded th a t  in fu lminant  pneumococcal 
bacteraemia,  complement could be ac t i va ted  and DIC would 
r e s u l t .  Results of l abora to ry  te s ts  and c l i n i c a l  
i n v e s t i g a t i o n  ca r r i ed  out here tend to favour  t h i s  view.  
Two p a t ie n ts  with DIC studied here had p re v ious ly  
undergone splenectomy and the r e s u l t s  of l a b or a t o ry  
t e s t s ,  though d i f f e r e n t ,  p a r a l l e l e d  those reported by
Coonrod and Leach, 1976) .
The r e s u l t s  of  the studies  reported here showed t h a t  
p a t i e n ts  wi th pneumococcal bacteraemia or ant igenaemia  
may develop pa tho log ic a l  changes some of which can 
co nt r ib u te  to death .  However the data presented  
precludes any f i rm  conclusions regarding the mechanisms 
which cause these changes.
Detection of type-specif ic  pneumococcal antibody in the 
serum of patients with pneumococcal infection
Acute phase serum
In the present  study homologous t y p e - s p e c i f i c  
pneumococcal ant ibody was detected in the acute phase 
serum of more than th ree quar ters  of the p a t i e n ts  wi th  
pneumococcal i n f e c t i o n  ( Groups "P",  "A", "C" and "S" ) .
Moreover,  ant ibody was de tec tab le  in the acute phase 
blood of  h a l f  of  the pa t i e n ts  who had e i t h e r  bacteraemia  
or ant igenaemia.  R i ley  and Douglas (1981)  have shown 
th a t  bacteraemia can be demonstrated in s p i t e  of  
de tec tab le  homologous ant ibody : C o - c i r c u l a t i n g
ant ibody and ant igen have also been detected in the  
serum of  p a t i e n ts  wi th pneumococcal pneumonia ( Blake,  
1918; Bullowa e t  a l . , 1941) .  In c o n t r a s t ,  most of  the
pa t i e n ts  in t h i s  study who had both bacteraemia and 
ant igenaemia,  had no demonstrable ant ibody.
I t  should be pointed out t h a t  p a t i e n ts  were not  
inves t iga te d  f o r  evidence of dysfunct ion of WBCs, 
complement or T - c e i i s  -  al though the l a t t e r  appear to
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be unnecessary f o r  the cont rol  of pneumococcal in f e c t i o n  
(Johnston,  1981) .
Antibody has of ten been detected in acute phase 
blood of pa t i e n ts  wi th pneumococcal pneumonia ( Ward, 
1930; Robertson e t  a l . , 1930; Bul lowa,  de Gara and 
Bukantz,1942;  Coonrod and Drennan, 1976 ; R i ley  and 
Douglas,  1981) and o t i t i s  media (S loyer  e t  a l . , 1974) .  
Factors which may co nt r i b u t e  to t h i s  apparent anomaly 
( i . e . t h a t  p a t i e n ts  wi th demonstrable ant ibody ne ver the ­
less develop disease wi th homologous pneumococci) a r e : -
F i r s t ,  pa t i e n ts  might have acquired t h e i r  pneumococcus 
a few days before the onset of  symptoms and admission to  
h o s p i t a l .  Therefore the presence of t y p e - s p e c i f i c  
antibody in acute phase sera may simply r e f l e c t  an e a r l y  
immune response.
Second, a wide range of t y p e - s p e c i f i c  pneumococcal  
ant ibodies  are found in the serum of pa t i e n ts  wi th no 
immediate h i s to ry  of pneumococcal i n f e c t i o n  (Ward, 1930;  
Robertson and Cornwel l ,  1930; Robertson e t  a l . , 1930) .  
Demonstration of ant ibody in the acute phase of  
i n f e c t i o n  may merely r e f l e c t  the background ant ibody  
l eve ls  in the general  popu la t ion .
Th i rd ,  serum ant ibody has been detected in ad u l t  
pat ien ts  before co lo n i sa t ion  wi th a homologous s t r a i n  
of S.pneumoniae (Gwaltney e t  a 1 . , 1975 ) : The presence
of ant ibody does not th e r e fo re  prevent  co lo n is a t io n  
and presumably also may not always p r o t ec t  aga ins t  
disease.
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I t  th e r e f o r e  seems l i k e l y  t h a t  t y p e - s p e c i f i c  
pneumococcal ant ibody in the acute phase serum of  adul t  
p a t i e n ts  wi th pneumococcal i n f e c t i o n  is the r e s u l t  of  
previous exposure to p a r t i c u l a r  pneumococcal types -  
although there  is also the p o s s i b i l i t y  t h a t  t h i s  
ant ibody may be s t imu la ted  by c r os s - r ea c t i n g  ant igens  
from other  b a c t e r i a .  Ear ly  immune responses may also be 
the r e s u l t  of  pr imary s e n s i t i s a t i o n  at  d i f f e r e n t  stages 
during the l i f e  of  an in d i v id u a l  and the response in 
e a r l y  chi ldhood may be very d i f f e r e n t  from t h a t  in an 
adu l t  -  p a r t i c u l a r l y  i f  the immune system has a l ready  
encountered pneumococcal ant igens a l b e i t  of  a d i f f e r e n t  
t ype .  These observat ions do not negate the importance  
of  serum ant ibody p r o t ec t ion  but do emphasize the need 
to consider  other  host defence mechanisms ( such as 
r e s p i r a t o r y  IgA, ce l l -m ed ia t ed  immunity ) at  the l ev e l  
of the upper and lower r e s p i r a t o r y  t r a c t  mucosa. These 
may wel l  be reduced or i n e f f e c t i v e  in p a t i e n ts  who 
develop pneumococcal i n f e c t i o n  although ther e  is as ye t  
no evidence f o r  t h i s .
Convalescent serum
In the present  study,  t i t r a t i o n s  of  pneumococcal  
ant ibody in pai red sera from p a t ie n ts  wi th pneumococcal  
i n f e c t i o n  showed th ree  pa t te rns  of ant ibody response.  
F i r s t ,  tw o - t h i r d s  of the p a t ie n ts  showed a s i g n i f i c a n t  
( i . e .  f o u r - f o l d )  r i s e  in t i t r e  in the convalescent  
serum. Moreover,  in those p a t ie n ts  who had 
ant igenaemia,  r i s e  in ant ibody t i t r e  was us ua l l y
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associated wi th reduct ion in the concent ra t ion  of serum 
ant igen.  Coonrod and Drennan (1976)  observed a 
c o r r e l a t i o n  between the development of ant ibody and 
the disappearance of c i r c u l a t i n g  ant igen and suggested 
th a t  ant ibody product ion might be associated wi th the
e l i m in a t io n  of ant igen from serum. Second, p a t i e n ts  who
had de tec tab le  ant ibody but no ant igen in the acute  
phase of ten did not show a s i g n i f i c a n t  r i s e  in t i t r e  
during the convalescent  phase - an observat ion also  
reported by Coonrod and Drennan (1976)  and also by 
Ri ley  and Douglas (1 981 ) .  I t  is th e r e f o r e  l i k e l y  t h a t
these pa t ie n ts  had had an ea r l y  immune response to the
i n f e c t i o n  and t h a t  the r i s e  was "missed".  T h i r d ,  some 
p a t ie n ts  f a i l e d  to show a s i g n i f i c a n t  r i s e  in ant ibody  
t i t r e  during convalescence and t h i s  was associated wi th  
ant igen in the serum -  a r e s u l t  th a t  confi rms the  
f in d in gs  of R i ley  and Douglas (19 81 ) .  Furthermore,  a 
few pa t ie n t s  with acute phase antigenaemia became 
an t ige n - ne g a t iv e  during convalescence wi thout  developing  
demonstrable ant ibody and t h i s  has also been observed 
by Coonrod and Drennan (19 76 ) .
F a i l u r e  to de tec t  ant ibody in convalescent  serum has 
been shown to be due to the format ion of an t ig en -  
antibody complexes - these have been demonstrated by 
RIA ( Schiffman e t  a 1 . , 1980; R i ley  and Douglas,  1981)
and t h i s  may have been the case in some p a t i e n ts  in t h i s  
study.  Although RIA was not used here,  the ELISA method 
f o r  ant igen de tec t io n  was as s e n s i t i v e  as RIA and was
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ca r r i ed  out on serum a f t e r  hea t - t re a tm en t  to l i b e r a t e  
ant igen from complexes wi th ant ibody.  On the other  hand,  
de tec t ion  of pneumococcal ant ibody by immumo- 
f lu o r e s c e n c e , which was used here is less s e n s i t i v e  
than RIA and t h e r e f o r e  low leve ls  of ant ibody may have 
been present  but undetected in convalescent  sera 
examined by t h i s  method.
Despite these r e s u l t s ,  i t  is possible  th a t  the a b i l i t y  
to mount an ant ibody response is reduced in some 
pa t ie n ts  wi th pneumococcal i n f e c t i o n  as was reported by 
Onyemelukwe e t  a 1 . ( 1985) .  Such a reduct ion could be due 
to c h a r a c t e r i s t i c s  - p-ossibly a de f i c i e n c y  -  of  the  
immune response of the in d i v i d ua l  or immunological  
pa ra ly s is  induced by the polysacchar ide an t igen .  Animal  
experiments have shown th a t  mice develop ant ibody in 
response to low but not high doses of pneumococcal 
capsular  polysacchar ide an t igen.  However the r e  is 
evidence t h a t  immunological ly "paralysed" mice may 
produce antibody tha t  is undetectable because of  
continuous n e u t r a l i s t i o n  by ant igen ( Howard, C h r i s t i e  
and Courtenay,  1970) .  Furthermore,  these workers have 
suggested t h a t  product ion of ant ibody may be delayed due 
to s e l e c t i v e  suppression or e l i m in a t io n  of clones of B 
lymphocytes.  In human pneumococcal i n f e c t i o n ,  a 
t r a n s i e n t  s ta te  of unresponsiveness develops r a t h e r  
than immune pa ra ly s is  and t h i s  may be important  when 
consider ing vacc inat ion  a f t e r  pneumococcal i n f e c t i o n  
(Onyemelukwe e t  a l . , 1985 ) .
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Ant igen -an t ibody balance in the acute phase blood of  
p a t i e n ts  wi th pneumococcal i n f e c t i o n
Pat ien ts  wi th no demonstrable ant ibody
In the present  study,  those p a t i e n ts  who did not have 
demonstrable ant ibody in t h e i r  acute phase serum 
ge ne ra l l y  had bacteraemia and ant igenaemia ; t h i s  
s i t u a t i o n  is wel l  recognised ( Blake,  1918; Bullowa 
et  a l . , 1942) .  However, n e i t h e r  bacteraemia nor
antigenaemia was present  in a small  number of  p a t i e n t s  
in each of the four  c l i n i c o - p a t h o l o g i c a l  groups studied  
who did not have de te c ta b le  ant ibody.  I t  is noteworthy  
t h a t  absence of ant ibody during the acute phase was more 
of ten a f e a tu r e  of pa t i e n ts  wi th pneumonia than p a t i e n t s  
with a mi lder  chest i n f e c t i o n  wi thout  c l i n i c a l  evidence  
of pneumonia and perhaps r e f l e c t s  the s e v e r i t y  of  the  
disease .  These r e s u l t s  t h e r e f o r e  suggest t h a t  p a t i e n t s  
who lack demonstrable ant ibody may not have been 
prev iously  exposed to the i n f e c t i n g  type of pneumococcus 
and as a consequence were "suscept ib le"  to i n f e c t i o n .  
A l t e r n a t i v e l y ,  acute phase serum may have been taken too  
e a r l y  in the course of the i n f e c t i o n  or when ant ibody  
l ev e l s  were low because of n e u t r a l i s a t i o n  by ant igen  
from in fec ted  lung t i s s u e .  In these an t ib od y - ne ga t i ve  
pa t i e n ts  wi th severe d isease,  the under ly ing lung 
pathology and the product ion of large amounts of  
pneumococcal capsular  ant igen by v i ab le  pneumococci  
could exp la in  why, in con t ras t  to other  p a t i e n t s ,  few
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p a t i e n ts  wi th bacteraemia,  ant igenaemia ( or both ) had 
d et ec tab le  ant ibody.
Pa t ien ts  wi th demonstrable ant ibody
C i r c u l a t i n g  ant ibody prevented n e i t h e r  pneumococcal  
i n f e c t i o n  nor bacteraemia nor ant igenaemia and t h i s  also  
has been observed by other  workers ( Bui Iowa e t  a l . ,
1942; R i ley  and Douglas,  1981) .  Indeed Blake (1918)  who 
f i r s t  introduced the concept of an t igen -an t ibody  balance  
in pa t i e n ts  wi th pneumococcal pneumonia, suggested t h a t  
both may have been present  in the serum of some
p a t ie n ts  when he was unable to de tec t  serum an t ibody .  
Because ant ibody to pneumococcal capsular  po lysacchar ide  
ant igen plays an important  ro le  in the r e s o lu t i o n  of
pneumococcal pneumonia, has been used to t r e a t  
pneumococcal d isease ,  and vacc ina t ion wi th capsular  
polysacchar ide is c u r r e n t l y  suggested as p rophy lax is  in 
pat i en ts  " at  r i s k "  of pneumococcal disease the
s i g n i f i c a n c e  of t h i s  apparent f a i l u r e  of ant ibody to
pro te c t  i n d iv id u a ls  from i n f e c t i o n  shown by me and by
other  workers needs to be considered f u r t h e r .
Since pneumonia can develop in the presence of
c i r c u l a t i n g  ant ibody (as seems ev ident  from the
observat ions here) ,  what is the actual  mechanism of
i n f e c t i o n  and the ro le  of capsular  po lysacchar ide
antibody ? The most reasonable explana t ion would seem to  
be t h a t  local  changes take place in the lung dur ing the  
evo lu t ion  of the pneumonic l es ion which provide
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cond i t ions f o r  growth of  pneumococci whi le  p r o t ec t i ng  
the organism from the ac t ion of ant ibody in the blood.  
I t  has been suggested t h a t  the ro le  played by 
c i r c u l a t i n g  antibody in the process of l o c a l i s a t i o n  is 
to e l i m in a t e  pneumococci at  the per iphery of the les ion  
thus re ta rd in g  the spread of the process and prevent ing  
blood invasion ( Robertson et  a l . , 1930) .  However, as 
noted e a r l i e r ,  the presence of  ant ibody in the  
c i r c u l a t i o n  does not prevent  bacteraemia.
I t  has also been suggested t h a t  pneumococcal ant ibody  
has two fu n c t io n s ,  namely,  n e u t r a l i s a t i o n  of f r e e
capsular  polysacchar ide ant igen and s e n s i t i s a t i o n  of  
pneumococci f o r  phagocytosis.  Furthermore,  i t  is
be l ieved t h a t ,  i f  ant igen is in excess,  pneumococci  
would not be s e n s i t i s e d .  In other  words, i f  ant ibody is  
to be e f f e c t i v e  in prevent ing i n f e c t i o n  there  must be 
enough remaining in excess a f t e r  ant igen n e u t r a l i s a t i o n  
to s e n s i t i s e  the v ia b l e  pneumococci.  However, the
r es u l t s  reported here showed t h a t ,  in gene ra l ,  the re  was
no d i f f e r e n c e  between the t i t r e  of ant ibody in the
acute phase blood of pa t i e n ts  wi th bacteraemia compared 
to t h a t  in those wi thout  bacteraemia.  Moreover,  when 
ant ibody t i t r e s  in p a t i e n t s '  sera and the re fe rence
serum were compared, i t  was found t h a t  more than two-
t h i r d s  of the pa t i e n ts  (whether or not they had
bacteraemia ) had an antibody l eve l  g r e a te r  than the  
l eve l  c u r r e n t ly  considered to be the minimum which
af fords p ro te c t io n  against  bacteraemic pneumococcal
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disease ( Robbins e t  a l . , 1983) .
Although i t  is not yet  possible  to provide a complete 
e x p la na t io n ,  the fo l lo w i ng  arguments may re co nc i l e  some 
of the apparent d i spara te  f i n d i n g s .
F i r s t ,  i t  must be said t h a t  one cannot argue from an 
a r t i f i c i a l  and incomplete combination of reac t ing  
substances in_ v i t r o  to the actual  process in the l e s io n .  
Thus ant ibody is only one component of the phagocyt ic  
system. Perhaps a comparison of the p o t e n t i a l  of both 
i n fec ted  and non- in fec ted  p a t i e n t s '  serum and leucocytes  
to opsonise and phagocytose the i n f e c t i n g  pneumococcus 
would be i n fo r m a t i v e .  Second, d i f f e r e n c e s  in ant ibody  
class or the ex ten t  to which ant ibody is complexed wi th  
ant igen in the c i r c u l a t i o n  may account f o r  f a i l u r e  to  
prevent  blood invasion in pa t ie n ts  wi th bacteraemic  
disease.  Th i rd ,  the an t igen-ant ibody  balance in serum 
probably bears l i t t l e  r e l a t i o n s h i p  to t h a t  in the  
consol idated lung - the s i t e  where e f f e c t i v e  
opsonisat ion and phagocytosis must take place to h a l t  
the progress of i n f e c t i o n .
Pneumococcal ant ibody in r e l a t i o n  to prognosis
The present  study confirms the observat ions of other  
workers (B lake ,  1918; Bukantz e t  a 1 . , 1942; Coonrod and 
Drennan, 1976) th a t  ant igenaemia in pneumococcal  
pneumoni a i s associ ated wi th delayed appearance of  
ant ibody.  Never the less ,  t h is  did not prevent  a slow but  
s a t i s f a c t o r y  c l i n i c a l  recovery -  an observat ion also  
made by Tugwell  and Greenwood ( 1975) and Bullowa e t  a 1.
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( 1 94 1 ) .  Bullowa and his co-workers suggested t h a t ,
since capsular  ant igen continued to be detected in the  
blood a f t e r  recovery,  i t  was not t o x ic  per se. However,  
despi te  t h i s  apparent lack of t o x i c i t y ,  the r e s u l t s  
of studies ca r r i ed  out here and elsewhere have shown 
th a t  acute phase antigenaemia is associated wi th the  
development of compl icat ions and death in pneumococcal  
pneumonia. Furthermore is was observed here t h a t  death 
of ten fol lowed several  days a f t e r  a n t i b i o t i c  therapy had 
e l im ina ted  v i a b le  pneumococci from the blood and t i ssue s  
-  a f in d i n g  th a t  agrees wi th t h a t  of  Aust r i an and Gold 
( 1964) .  Observat ions s'uch as these suggested t h a t  a
to x in  der ived from S.pneumoniae may be involved in the  
pathogenic process of pneumococcal pneumonia but t h i s  
has not been convincingly  demonstrated (Johnston,
1981) .
In the present  study,  there  were no compl icat ions or  
deaths in p a t ie n ts  wi th bacteraemia alone or wi th
n e i t h e r  bacteraemia nor ant igenaemia prov id ing  t h a t  
ant ibody was not present  in the c i r c u l a t i o n .  Conversely ,  
a l l  p a t i e n ts  who had serum antibody and who had
bacteraemia toge ther  wi th ant igenaemia,  d ied .  These
observat ions support the conclusions of others ( Lord
and Persons, 1931; Bullowa e t  a l . , 1941) t h a t  ant ibody  
product ion during the course of pneumococcal i n f e c t i o n  
is no assurance against  f u r t h e r  progress of the
i n f e c t i o n  and a f a t a l  outcome.
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Pneumococcal  t y p e  d i s t r i b u t i o n
The d i s t r i b u t i o n  of  pneumococcal types was 
i nves t iga ted  in two unre la ted  s tud ies .  One of these  
compared the d i s t r i b u t i o n  of types from systemic  
disease with those from the upper r e s p i r a t o r y  t r a c t  of  
adul ts and ch i ld ren  and included a few s t r a in s  of  
S.pneumoniae from sputum. The other  comprised the type  
d i s t r i b u t i o n  of pneumococci and pneumococcal ant igen  
from the sputum of p a t i e n ts  with c l i n i c a l  evidence of  a 
chest i n f e c t i o n .  In both studies a wide range of  
pneumococcal types was detected which were s i m i l a r  to  
those reported by other  workers in the UK (Hince and 
Howard, 1978) and the USA ( Broome et  a l . , 1980) .
Cer ta in  types were not encountered,  no ta b ly ,  types  
2 , 4 0 , 4 3 , 4 4 , 4 5  and 46.  Although types 4 0 , 4 3 , and 46 were 
found by Hince and Howard ( 1978), they did not f in d  
types 5 and 47.  These d i f f e r e n c e s  r e f l e c t  e i t h e r  
temporal  or geographical  v a r ia t io n s  in the d i s t r i b u t i o n  
of types w i t h in  the United Kingdom. Types 45 and 46 
of ten cause pneumococcal disease in Papua New Guinea 
and South A f r i c a  but they have r a r e l y  been found in 
other  par ts  of the world ( Au s t r i an ,  1981) .  The v i r t u a l  
disappearance of type 2 from North America and Northern  
Europe since World War I I  has of ten been noted 
(Colman and H a l l a s ,  1983; Broome e t  a l . ,1980 ) though 
type 2 remains a common cause of pneumococcal i n f e c t i o n  
in Senegal and Spain ( Robbins e t  a 1 . , 1983) and France
(Colman and H a l l a s ,  1983) .
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Comparison of  the d i s t r i b u t i o n  of pneumococcal types in
systemic disease and the upper r e s p i r a t o r y  t r a c t  of  
adul ts  and ch i ld ren
The d i s t r i b u t i o n  of pneumococcal types i s o la t ed  from 
cases of systemic disease in t h i s  study was s i m i l a r  to  
t h a t  reported from England ( Colman and H a l l a s , 1983)  
and the USA ( Broome et  a l . , 1980 ) .
However, the re  were some d i f f e r e n c e s .  Type 12 was an 
important  cause of systemic disease in adul ts  here but  
was an uncommon cause of systemic disease in England 
land t h i s  supports the suggestion t hat the d i s t r i b u t i o n  of; 
pneumococcal types var ies  in d i f f e r e n t  areas w i t h in  the  
United Kingdom. The low incidence of systemic disease  
due to types 8 and 12 in ch i ldren th a t  was found here 
was also reported by others workers (Colman and 
Ha l l a s ,  1983; Au s t r i an ,  1981) and was p a r a l l e l e d  by a 
low ra te  of nasopharyngeal ca r r i ag e  in ch i ld ren  studied  
here.  The types most of ten ca r r i ed  in the upper  
r e s p i r a t o r y  t r a c t  of  p a t i e n ts  in t h i s  study were s i m i l a r  
in a l l  age groups and were the same as tha$£ reported in 
the USA ( Kaiser  and Scha f fner ,  1974; Gray e t  a l . ,
1979) .  S t a t i s t i c a l  analys is  of the d i s t r i b u t i o n  of types  
i n d ica tes  th ree  pa t te rns  of i s o l a t i o n .  Types 1 , 4 , 7 , 8  and 
12 in ch i ld ren  and adul ts  and types 14 & 18 in ch i ld r en  
under 5 years of age are c l e a r l y  associated wi th  
systemic disease and, as suggested by Aust r i an ( 1 9 8 1 ) ,  
t h is  may be re la t e d  to the chemical composit ion of  t h e i r  
capsular  po lysacchar ide.  Conversely,  other  types no tab ly
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type 23 in pre-school  ch i ld ren  and type 6 in o lder  
ch i ld ren  and adul ts  were associated wi th nasopharyngeal  
ca r r i ag e  r a th e r  than systemic disease .  The remaining  
types showed no s i g n i f i c a n t  d i f f e r e n c e  between frequency  
of i s o l a t i o n  from the nasopharynx and from systemic  
disease.
These included type 3 - wel l  recognised as a v i r u l e n t  
type - and of ten associated wi th high m o r t a l i t y  
(Aust r ian  and Gold, 1964) .
Type 3 was the most common type i s o l a t ed  from
p a t ie n ts  wi th severe pneumonia. However, i t  ranked only  
t h i r d  in order  of  f requency amongst i s o la t e s  from blood 
and cerebrospina l  f l u i d .  I t  was i s o l a t ed  twice  as o f ten  
from pa t ie n ts  over 50 years of age wi th systemic disease  
as from those under 50 years .  In con trast  type 1, 
uncommon as a commensal, was i so la te d  th ree t imes as 
of ten from pa t i e n ts  wi th systemic disease who were less  
than 50 years old than from those over 50 years of  age.  
This study demonstrates t h a t ,  f o r  a few serotypes of  
S.pneumon i ae ( i . e .  types 1 , 4 , 7 , 8 , 1 2 , 1 4  and 18)
f requency of i s o l a t i o n  from cases of systemic disease  
was not d i r e c t l y  r e la te d  to t h e i r  f requency of
occurrence in the nasopharynx of c a r r i e r s  and t h a t  t h i s  
was age-dependent .  However, f o r  the m a jo r i t y  of  types  
the incidence of systemic disease was p r op or t io na l  to  
t h e i r  frequency of i s o l a t i o n  from the nasopharynx. Thus 
serotyping of  nasopharyngeal i s o la t e s  of  pneumococci 
from pa t ie n t s  wi th pneumonia who are unable to produce a
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sputum can not only e s ta b l i s h  the diagnosis ( K a l i n ,
1982) but also ind i ca tes  the p o t e n t i a l  of  t h a t  type to  
cause bacteraemia wi th the f u r t h e r  compl icat ions  
associated wi th systemic disease.
D i s t r i b u t i o n  of pneumococcal types in the sputum of  
p a t i e n ts  wi th lower r e s p i r a t o r y  t r a c t  in f e c t i o n
I t  was found,  in t h i s  study,  t h a t  the d i s t r i b u t i o n  of  
pneumococcal types in the sputum of pa t i e n ts  in the  
three  broad c l i n i c o - p a t h o l o g i c a l  groups ( Groups "P'V'A"  
and "C") was s i m i l a r .  However, types 1 to 8 
predominated in pa t i e n ts  wi th pneumonia ( Group "P")  
whereas types higher  than 8 were p rev a le n t  in p a t i e n ts  
in Groups "A" and "C". The d i s t r i b u t i o n  in Groups "A" 
and "C" p a r a l l e l e d  t h a t  found in adul t  c a r r i e r s  
whereas the d i s t r i b u t i o n  of types associated wi th  
systemic disease in adul ts  was ge ne ra l l y  somewhere 
between th a t  found in c a r r i e r s  and in p a t i e n ts  wi th  
pneumonia - an observat ion which is consis tent  wi th the  
f in d ings  of Finland and Barnes (19 77 ) .  However, since  
bacteraemia is seen in only a quar te r  of  p a t i e n t s  wi th  
pneumococcal pneumonia and bacteraemia can be detected  
in adul t  pa t i e n ts  who do not have pulmonary i n f e c t i o n ,  
i t  is not su rp r is ing  th a t  the types associated wi th  
systemic disease were d i f f e r e n t  f r o m .  those causing  
pneumococcal pneumonia.
Although types 1 to 8 predominated in p a t ie n t s  wi th  
pneumonia, comparison uJith past studies  in Glasgow 
( C h r i s t i e ,  1932; Gr is t  e t  a 1 . ,  1952) in d ic a te  a recent
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tendency f o r  other  higher  types to emerge as a cause of  
pneumonia. Furthermore there  has been a dramat ic change 
in the prevalence of the lower numbered types .  For 
example,  types 1 and 2 accounted f o r  almost 80% of  
pneumococcal pneumonia in Glasgow in the 1930s 
( C h r i s t i e ,1932;  1934) whereas type 3 was then regarded
as a commensal. In the 1950s, Gr is t  and his col leagues  
(1952)  found t h a t  types 1 to 8 accounted f o r  74% of  
pneumococcal pneumonia, types 1 and 2 being i s o la te d  
from 44% of a l l  p a t i e n t s .  In t h i s  study types 1 to 8 
accounted f o r  only h a l f  of the pneumococci which caused 
pneumonia - type 2 was. not i so la te d  and types 3 and 8 
were predominant.  The d i s t r i b u t i o n  of pneumococcal types  
from p a t ie n ts  wi th pneumonia in t h i s  study is s i m i l a r  
to t h a t  found in other  recent  studies in the UK (Calder  
and Schonel l ,  1971; Macfar lane e t  a l ♦ , 1982; Morgan 
et  a l . , 1984) .  However the l a t t e r  authors noted t h a t
pneumococcal pneumonia is now a disease of the e l d e r l y  
whereas in the 1930s i t  more of ten a f fec ted  young or  
middle aged adul ts  ( C h r i s t i e ,  1932) .  The e f f e c t  t h a t  
t h i s  change has had on type d i s t r i b u t i o n  requ i res  
f u r t h e r  i n v e s t ig a t io n  but may have been in f luenced by 
changes in socia l  cond i t ions .
S t a t i s t i c a l  ana lys is  of the d i s t r i b u t i o n  of types  
associated wi th pneumococcal chest i n f e c t i o n  ind ic a t ed  
th ree  pa t te rns  of i n f e c t i o n .  Types 3 and 8 were c l e a r l y  
associated wi th pneumonia and, toge ther  wi th type 1,  
were the types most of ten detected by ant igen t e s t s
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ca r r i ed  out on c u l t u r e - n e g a t i v e  sputa.  Conversely,  other  
t ypes ,  notably  types 6 and 17, were associated wi th
chest i n f e c t io n s  wi thout  pneumonia and the l a t t e r  type  
was p a r t i c u l a r l y  associated wi th acute exacerbat ions of  
COAD. The remaining types showed no s t a t i s t i c a l l y
s i g n i f i c a n t  d i f f e r e n c e  between frequency of i s o l a t i o n  
wi t h in  the th ree  c l i n i c o - p a t h o l o g i c a l  groups.  Although 
type 1 could not be included in the s t a t i s t i c a l  analys is  
f o r  lack of repres enta t ion  in Groups "A" and "C; i t  was 
a major cause of pneumonia here -  an observat ion which 
agrees wi th t h a t  reported in Nottingham ( Macfar lane e t  
a l . , 1982) .  In a d d i t i o n ,  h a l f  o f  the p a t ie n t s  wi th
pneumonia due to types 1 and 8 had bacteraemia in 
contras t  to pa t i e n ts  in fec ted  wi th type 3 in whom
bacteraemia was detected in only a f i f t h .  These 
observat ions are consis tent  wi th the f in d in g s  in 
systemic disease which were p rev iously  discussed.
The studies reported here are in accord wi th others  
( c i t e d  by Shapera and Matsen, 1972) and demonstrate a 
s i m i l a r i t y  between the d i s t r i b u t i o n  of pneumococcal  
types in the nasopharynx of c a r r i e r s ,  the sputum of  
p a t i e n ts  wi th a chest in f e c t i o n  and in the blood and 
body f l u i d s  of pa t i e n ts  wi th systemic d isease .  However,  
i t  was also shown here th a t  a few types have a g r e a t e r  
capaci ty  to produce severe disease and t h i s  var ied wi th  
the age of the p a t i e n t  and c l i n i c a l  p r e s e n t a t i o n .  Since 
disseminated pneumococcal in f e c t io n s  i n v a r i a b l y  
o r i g i n a t e  from organisms ca r r i ed  in the nasopharynx
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( A u s t r i a n ,  1974) i t  seems t h a t  vacc ina t ion may be the  
only p r a c t i c a l  method of reducing the incidence of  
severe disease in the popu la t ion .  This aspect has been 
discussed in d e t a i l  by Smart £ t  a l . , 1987b).
F ina l  cons idera t ions
The r e s u l t s  of studies reported here showed t h a t  t e s ts  
f o r  pneumococcal ant igen ca r r i ed  out on c l i n i c a l  
m at e r ia l  were the best s in g le  method f o r  the diagnosis  
of pneumococcal i n f e c t i o n  : they were p a r t i c u l a r l y
us e fu1 when pa t i e n ts  had been t r e a t e d  wi th
an t i m ic r o b ia l  agents.  In ad d i t ion  ant igen t e s t s  on 
serum and ur ine  were a useful  in d i c a t i o n  of  
systemic d isease.  Serotyping also helped here in th a t  
c e r t a i n  types were shown to be in he re n t ly  capable of  
causing systemic disease .  These t e s ts  i d e n t i f i e d  
pa t i e n ts  who were l i k e l y  to develop compl icat ions or to  
die as a r e s u l t  of the i n f e c t i o n .
In c o n t r a s t ,  ant ibody studies were less useful  in 
diagnosis al though they ge ne ra l l y  supported the  
conclusions of ant igen studies as to the l i k e l y  course  
of p a t i e n t s '  response to i n f e c t i o n .  The t e s t s  used here  
however were unable to i d e n t i f y  the mechanisms 
responsible  f o r  compl icat ions and death .  For example,  
capsular  polysacchar ide ant igen and ant ibody were o f ten  
present  in serum simul taneously -  which t h e r e f o r e  
suggests the presence of an t igen-an t ibody  complexes.  
However t h i s  observat ion did not n e c es sa r i l y
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c o r r e l a t e  wi th death or compl ica t ions .  The pa tho log ica l  
processes associated wi th immune complexes are usual l y  
mediated by complement a c t i v a t i o n .  Since pneumococcal 
ant ibod ies  are of the IgG2 subclass (S iber  et_ a l . ,
1980) ,  and so do not f i x  complement as e f f e c t i v e l y  as 
ant ibodies  of subclass Ig G1 or IgG3 ( S p i e g e lb e r g , 1974) ,  
immune complex disease seems u n l i k e l y .  Nevertheless in 
some pa t i e n ts  complement- f ix ing an t ibodies  have been 
demonstrated (Coonrod and Rylco-Bauer ,  1977) -  and
account f o r  some of  t he c l i n i c a l  problems. Pneumococcal. C- j 
ant igen reacts  wi th both C - r e a c t i v e  p ro t e in  (a be ta -  
g l o b u l i n )  and wi th an t ibodies  to C-polysacchar ide and so 
a c t i v a te s  complement by the c l a s s i c a l  pathway.  
Pneumococcal t e i c h o i c  ac id ,  on the other  hand is a 
potent  a c t i v a t o r  of the a l t e r n a t e  pathway and l i t t l e  i f  
any ant ibody is requi red f o r  t h i s .  Fur ther  studies in 
t h i s  area may c l a r i f y  a l i n k  between pneumococcal  
i n f e c t i o n  and the development of  immune complex disease  
in some pa t i e n ts  wi th pneumococcal pneumonia.
Detect ion of pneumococcal C-ant igen and an t i  body
In cont ras t  to pneumococcal capsular  polysacchar ide  
ant igen ,  C-substance ant igenaemia is r a r e l y  found in 
pa t ie n ts  wi th bacteraemic pneumococcal pneumonia 
(Coonrod and R y t e l ,  1973) al though i t  has been reported  
t h a t  some p a t i e n ts  wi th very high l ev e l s  of  c i r c u l a t i n g  
capsular  polysacchar ide may have C-substance OAtigenaemia 
also (Coonrod and Leach, 1976) .  Holberg e t  a h  (1985)  
used ELISA to de tec t  pneumococcal C-substance in the
sputum of pa t i e n ts  wi th pneumococcal pneumonia and found 
t h a t  only 85% of c u l t u r e - p o s i t i v e  sputa contained C- 
substance.  This suggests th a t  the concent ra t ion  of C- 
substance in c l i n i c a l  ma te r ia l  is considerably less than 
t h a t  of  capsular  polysacchar ide an t igen.
On the other  hand , i t  has been known f o r  some t ime  
t h a t  the t i t r e  of ant ibody to pneumococcal C- 
polysacchar ide in serum is of ten equal to (or  even
g r e a te r  ) than t h a t  of the t y p e - s p e c i f i c  ant ibody  
r e s u l t i n g  from i n f e c t i o n .  The serum of normal  
i n d iv id u a ls  however almost always contains d e te c ta b le  
ant ibody to pneumococcal C-polysacchar ide ( He ide lberger  
and Anderson, 1944) .  Recent ly i t  has been shown t h a t  C- 
antibody seldom increases a f t e r  vacc inat ion  (Pederson 
e t  a 1 . , 1982) or pneumococcal i n f e c t i o n  (Holmberg e t
a l . , 1985) .  In c o n t r a s t ,  Gray et  a 1 . (1983)  found t h a t
in in fan ts  and c h i l d r e n ,  ant ibody to pneumococcal C- 
polysacchar ide of ten increased a f t e r  pneumococcal  
i n f e c t i o n  or ca r r i age  - an observat ion which may have 
imp l ic a t ion s  when consider ing vacc ina t ion in t h i s  age
group -  since these p a t i e n t s  g e n e r a l l y  respond poor ly  to
vacc ina t ion wi th capsular  polysacchar ides .
Detect ion of pneumococcal C-polysacchar ide ant igen  
and ant ibody th e r e f o r e  seems ( g e ne r a l l y  ) ; u n h e l p f u l ,  
f o r  diagnosing pneumococcal i n f e c t i o n .  This is best  
achieved by te s t s  d i r ec te d  towards the capsular  
polysacchar ide an t igen.  Conversely,  t e s ts  f o r  C -an t igen
or ant ibody - or t h e i r  complexes - may be important
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f o r  the p r e d ic t i o n  of  the outcome of i n f e c t i o n .
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FUTURE INVESTIGATIONS
The r e s u l t s  presented here suggest several  avenues 
f o r  the f u r t h e r  in v e s t i g a t i o n  of pneumococci and 
pneumococcal i n f e c t i o n .
Development of  improved d iagnos t ic  t e s t s
The m a te r i a ls  and reagents were e i t h e r  commercia l ly-  
a v a i l a b l e  or r e a d i l y  prepared in the l a b o r a to r y .  
However other  d iagnos t ic  reagents may be developed and 
become g e n er a l l y  a v a i l a b l e  which could improve the  
s p e c i f i c i t y  and s e n s i t i v i t y  of  t e s t s  f o r  the de te c t io n  
of pneumococcal capsular  polysacchar ide ant igen and 
ant ibody ca r r i ed  out by n o n - s p e c i a l i s t  ba c te r io lo g y  
l a b o r a t o r i e s .  These might inc lude,  f i r s t ,  a po ly v a l en t  
ant iserum,  wi th high t i t r e s  of t y p e - s p e c i f i c  capsular  
polysacchar ide ant ibody which reac t  s p e c i f i c a l l y  wi th  
invas ive  pneumococcal types.  This would be p a r t i c u l a r l y  
useful  f o r  the de tec t ion  of small  amounts of ant igen  
of ten found in CSF, serum and u r in e .  Moreover,  were 
t h i s  ant iserum to be prepared in an animal other  than a 
r a b b i t  i t  could be used as the second ant ibody in 
ant ig en - cap ture  ELISA t e s t s .  However the maximum number 
of t y p e - s p e c i f i c  an t ibodies  which can be combined in a 
po lyv a len t  serum f o r  use in ant igen t e s ts  by l a t e x  
a g g lu t i n a t i o n  or ELISA needs to be determined.  The 
r e s u l t s  of t h i s  study suggest t h a t  the number is 
probably more than 5 but is c e r t a i n l y  less than 23.
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Second, p repara t ion  of r a d i o l a b e l l e d  capsular  
polysacchar ides f o r  use in RIA would provide a more 
s e n s i t i v e  method f o r  the de tec t ion  of pneumococcal 
ant ibody:  t h i s  same technique ( i . e .  RIA) could also be
used to de tec t  ant igen even when complexed wi th  
ant ibody.  Moreover,  the use of r a d i o l a b e l l e d
pneumococci f o r  serum opsonisat ion assay might be a
b e t t e r  method of assessing a p a t i e n t ' s  response to  
i n f e c t i o n  and so the l eve l  of  res is tance to systemic
pneumococcal d isease.
Th i rd ,  as wi th other  se ro log ica l  procedures,  s u i t a b l e  
re ference m a te r i a ls  should be prepared which would 
al low accurate q u a n t i t a t i o n  of ant igen or ant ibody  
i r r e s p e c t i v e  of the assay method used.
Fur ther  l abora to ry  studies  on pneumococci
I t  is important  to maintain s u r v e i l l a n c e  of  p r e v a l e n t ,  
i n f e c t i v e  pneumococcal types f o r  the fo rm ula t io n  of
appropr ia te  pneumococcal vaccines.  I f  p e n i c i l l i n  
res is tance in pneumococci were to become common, 
pneumococcal vaccines might be useful  in se lec ted
groups,  to prevent  systemic disease due to p e n i c i l l i n -  
r e s i s t a n t  s t r a i n s .
Serotyping by c o -a g g lu t i n a t i o n  proved a r a p i d ,  
economical and accurate method of i d e n t i f y i n g  
pneumococcal i s o l a t e s .  The r o l e  of  se ro typ ing ,  but  
using a l im i t e d  number of typ ing reagents,  in the  
i n v e s t ig a t io n  of pneumococcal i n f e c t i o n  is being
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evaluated in several  o ther  l a b o r a to r i e s  at  present .  
Further  studies however are also needed to i d e n t i f y  
those b a c t e r i a l  ant igens which c r os s - r ea c t  wi th  
pneumococcal an t i s e ra  in the co -a g g lu t i n a t i o n  t e s t .
C-polysacchar ide is a s p e c i e s - s p e c i f i c  c e l l  wal l  
ant igen common to a l l  pneumococci but a few serotypes  
incorpora te  the phosphory1chol ine  moeity of C-substance  
in to t h e i r  capsular  po lysacchar ide.  Fur ther  studies are  
needed to develop a t e s t  f o r  the de tec t ion  of C- 
substance in c l i n i c a l  m ate r ia l  and to  determine i f  t h i s  
is serotype-dependent .  Moreover the b i o l o g i c a l  
mechanisms which cause pneumococci to lose t h e i r  
capac i ty  to produce a capsule requ i re  f u r t h e r  study.  
The r e s u l t s  might help to expla in  f i n d i n gs  such as the  
observat ion t h a t  non-capsu1 ate pneumococci are o f ten  
i so la ted  from eye swabs.
Antibody response to pneumococci
Antibody studies are an important  component of  
ep idemiolog ica l  i n v e s t i g a t i o n .  Fur ther  studies  on the  
antibody response in pneumococcal i n f e c t i o n  are c l e a r l y  
necessary.  A wide range of an t ibodies  to d i f f e r e n t  
pneumococcal capsular  polysacchar ides are present  in the  
serum of heal thy  i n d i v i d u a l s .  A d e t a i l e d  i n v e s t i g a t i o n  
of the antibody class (or  subclass)  and the t i t r e s  
associated wi th in f e c t i o n  might reveal  a parameter  
which could be used as an ep idemiolog ica l  or d ia gn os t i c  
t o o l .  However, the host response to other  c e l l u l a r
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components would r eq u i r e  in v e s t i g a t i o n  before a r e l i a b l e  
d i agnost ic  t e s t  based on serology could be int roduced.
Nevertheless i t  is probable t h a t  ant ibody assays to  
determine the response to pneumococcal capsular  
polysacchar ides w i l l  be used to determine the 
e f f i c i e n c y  of pneumococcal vaccines.  Thei r  use could be 
extended to est imate  the response to in d i v i d ua l  
capsular  polysacchar ides contained in the vaccine and 
whether t h i s  is l i k e l y  to p ro t ec t  the in d iv id u a l  from 
i n f e c t i o n  - e i t h e r  wi th a c r o s s - r e a c t iv e  type w i th in  the 
group or wi th other  a n t i g e n i c a l l y - r e l a t e d  types of  
pneumococci.-
Pneumococcal in f e c t io n s
Although pneumococcal in fe c t io n s  have been 
i nves t iga te d  f o r  almost a century many problems in 
t h i s  i n t e r e s t i n g  f i e l d  remain.  Some have been descr ibed  
by Austr i an (1975a)  and by Johnston (1981)  and both 
authors agree t h a t  the p r i n c i p l e  problem posed by the  
pneumococcus - to both research worker and c l i n i c i a n  
is an understanding of the way in which the organism 
damages the host i t  invades.  Despite an enormous amount 
of research t h i s  is s t i l l  v i r t u a l l y  unknown. Johnston 
(1981)  proposed th a t  a combination of the host defences  
with antigenaemia and possibly  also wi th immune 
complexes was probably responsible  f o r  t i s s u e  damage 
and ev en tu a l l y  death.  The problem is c l e a r l y  m u l t i ­
f a c t o r i a l  and f u r t h e r  studies are needed to assess the
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ro le  of  complement a c t i v a t i o n  in human pneumococcal  
disease .  In conjunct ion wi th such s t ud ie s ,  the
development of an animal model would be b e n e f i c i a l  
although labora to ry  animals such as rabb i ts  and mice 
are unsu i tab le  f o r  t h i s  as they do not respond 
immunological ly to pneumococci in the same way as 
humans.
Proof t h a t  immune complexes are involved in the  
pathology of pneumococcal i n f e c t i o n  might lead to a 
change in the curren t  t rea tment  regimes recommended f o r  
severely i l l  p a t i e n t s .  For example,  p lasmapheresis,  
leucapheresis and blood- exchange have been success fu l l y  
used to t r e a t  p a t i e n ts  wi th meningococcal sept icaemia  
who develop signs of immune complex disease ( B jorvatn  
et  a l . , 1984) and may have a p p l i c a t i o n  to pneumococcal
d isease.  F i n a l l y ,  i t  is not inconceivable  t h a t  s tud ies  
which i d e n t i f i e d  the prec ise nature of the ant igen and 
antibody involved in immune complexes might prompt a 
re tu rn  to serum therapy or a modern e q u iv a le n t .
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